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The Signal School 
Fort Monmouth, New Jersey 

. SIGNAL CORfS m;im;ARCH PROGRAM 

The alose of World War II flaw a che.llge-over of Signal Corpr; 

tecbnical e.l.'fort fr014 a short-term engineering 'typo of activity to 

e. long<lI'-,1;erm research and developmont program. This oompilation 
. , 

. broadly 1.nd1catas t.he scoP" of the RESEARCH .phase of the Signal' Corps 

po at-war pro£;ram, illclwling work underway in the Signal Corpa 

Engineering Lat-ol'a1;oriofl at Fort MOMouth, Neil' Jersey and the oontrac-

tual Ilctivity tlponsored in industry, academic 1.ustitutioull and resear~h 

found.,tions. 

'1'hb IIItemll was prepared by Lieut. Colonel Harold A. 'Zahl, ORC, 

during a period of fifteen days e.cti've duty wUh the Extension Depart

ment,. The' Signl,ll School., Dr. Zahl 1'3 a 'phytlicist and 'holds the 

position of Directol' of Research, $ignal Corpl:! Engineering Laboratories. 

August, 1949 
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filGl1Aft CORP~ 1IE§lii&1&l! PROGRMIJ 
ID],oductioB 

rhe application of. now ncientii'ic di!lCloveries MI,l brought on rapid 

and conti-nuoua chengea in military ·matoriel -"-- chungea which radically 

alter tho tactics and tE,ehniqu€ls of (,ll the . Arms and Services. !Ill Ii result 

of World War II I!lxp&riGtnce, it is now accepted that, in rmy futtu'", oombat~ 

victory will be direotly associated with scientifio Bupor!or:l.ty established 

during ·pe.acetili1B and (lonolll'l'.mtly &pplied to military devicea which lllUflt ba 

available immediately in evant of. Budden attack. 

~e Eng1neeriog and Technical ru.viBion of the. Office of the Ohief' Sienal 

Orficer has oertain aaaigned Department of Defense re8potisibilitie~ pertain

ing to resea.roh onl and developnwnt of, equipments employed in ()OtlllUUp.fcl'.tioilt!~ 

. detection of 'aircraft .md missiles, electronio countermea~ures. meteorology, 

radiologioal. instruments, photov;raphy and othel'S, Supporting the engineemg 

ep.d development progralll, 1s an extensive reaearch effort established 'II:l.th the 

,.' 

. .. 
view of: continually providiJig additional scientific· knowledge which (WI be 

applied in the improvement of existing equipment, teohniques, or b prondiug 

thl1l ballic building blocks of knowledge from whioh &ntirely new devices Will 

be construoted -_. devices ollpllblo of military aocomplishments, alll ye'l:. 110-

dreWlled of. 
. ' I . 

It :b the put'polle of thill study to disclose, wHhin the security limits 

cstabl.iahed, the m;SEARCll pol-t1oll ot the Signal COI'f'EI' t@chnicl!.l proerlllll, 

The material to ba presented \Vill be drawn i'r0!ll work undllrway within the Slunal. . . . . 

Corps Engineering Laboratories. Fort Monmouth, New Jllrsey and from contracts 

Il!aintained by the Signal Corpa with '.ndustry and academic institutions. A gen

eral diBcussioll of Department of the Army research polioy will aleo be included, 

i 



as well as a brief outline of how the Signal Corps coordinates its own tech

·nicnl activities with the other Services through the Research and Development 

Board. 

if CtW 
SECTION I - Policy on the Conduct of RESEARCH. 

The following general principles governing the conduct of military re-
established . 

search and development were ~ by the General Staff; Department of the 

(n) "Freed~m of. Direction in Saslc Research. A farsighted and progress-

ive research program for the armed services requires that the graat-

est possible freedom of action be given the scientists and engineers 

who carry it into execution. Only if research remains separate from 

production can the long-term studies and projects of research contin

ue without being eubordinated to the immediate needs of production 

and supply ••••• 

~ig~icl).l (b) IINeee! f!?r. ~esearoh !n the A1:!!!X 12'ogram. Long-range aKn-

~ progress is directly dependent upon the continuous. flow of new 

scientific facts and knowledge derived from basic researoh. There

fore, a large proportion of the Army research and development pro

gram in peacetime must be devoted to basic and applied research •••• 

(0) "~fur.ohange of Information. A wide and unrestricted exohange of 

scientifio information is essential in order to provide the 01'085-

fertilization of ideas which is essential to productive research. 

In general, contracts and reports involving basic research should 

remain·unolasaified •••••• consistent with military security ••••••• 



(d) "Maximum Assistance from Civilian Science gill! llliiustr;y:. The 

Department of the Army must utilize civilian talent, facilHies 

and assistance to the maximum ••••••• 

(e) "Econo1ll.Y in the Operation, gf.. !-lilitarz acilities. Military re

search and development facilities VillI not be maintained and operat-

ed when commeroial organizations, educational institutions and lab-

oratories available to the Army offer compar~ble and dependable 

service to adequately meet the requirements of the Department of: 

the Army. 

(f) "Evaluation.Qf. I;oreign DeveJ,/l];!ments. In order to insure the super

iority of United States Army materiel over that of foreign nations, 

there must be a. continuing evaluation of foreign research and devel

opment activities, utilizing all.available intelligence sources. 

(g) "~fm: Long-Range PlanninG' The results of research re·-iuire a 

period of years to becQ~e evident and to be applied praatically 

to military problems. The development of almost all the new 

weapons and devices employed in World War II resulted from research 

completed prior to the war. It cannot be expected that basic re

search which is il}itiated after hostilities began will be applied 

to the development and production of new items before a war comes 

to an end. Thus research and development planning, as well as 

other general staff planning ~nich is affected thereby, must look 

much further ahead into the future if full advantage is to be de-

rived frolll research in <went of another war." 

"" * * * 
'. ~~~~~z~~~~'. 
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SECTION If,. if.1.ssion, facilities and personnel of the Signal Corpl! 

Engineering Laboratories. 

In a broad scope the mission of the Signal GorpB Engineer:i.ng Labor-

a1;ori6s may be sUIllIllarized as follows! 

THE SIGNAL CORPS ENGINEERING LABORATORIES is an activity of l~ort 
Monmouth. New Jersey, and is under the technical control of En
gineering and Technioal Division, Office of the Chief Signal Of
ficer. The SCE.!. is responsible for research, and the development. 
,design, and improvement of communication, radar. meteorological, 
and pllOtographia equipments. related components, and speoial eleo
tronic devices for the U. S.Army and for other services 'r.hen 
directed by the Secretary of Defense. This responsibility includes 
the following: 

a. Research pertaining to. and the development of. equipment 
to the point of sta.ndardization. 

b. Research pertaining to, and the development of, components 
to the point of standardization. 

o. Preparatiollof specifications. drawings. and associated 
procurement data for issue to procurement districts for quantity 
proourement. 

d. Pilot run inspection of such equipments in produotion. 

e~ Establishment of procedures and methods, and determination 
of the requirements for test, maintenance. and repair of equipment 
in the field. 

t. Preparation and issue of necessary field modification in
structions and revised procurement data to eliminate, in the field 
and in ourrent or future production, technical difficulties, equip
ment failures, and other defects noted during 'production or during 
use in the field. 

g. Qualification testing of components ·submitted by the Armed 
Services Eleotro-Standards Agenoy. 

The SCEL oonsists of the Commanding General; Deputy COlll/llander. a 
staff oonsisting of the Director of Research, the Direotor 'of ~~
gineering, and the Control Officer; four operating divisions. namely, 
Research Division, Engineering Division, Administrative Division, 
and Pro(lure,,':,nt-Maintenance Engineering Division; three research 
and developm(>l1t laboratories, namely, Squier Signal Laboratory. 
Evans Signal Laboratory, and Coles Signal Laboratory; and the SCEL 
Development Detachment. Further detailed breakdown is shown in 
Fig. 1. 



t 
'" 

f-J 
tfil 
~.~ :-"> 

r· " 

\ ; 

r-

, , 
I , 

---

r-

--1 

I 

I 

'-----

SIGNAL CORPS ENGINEERING LABORATORIES 
r AUGUST 1949 

DIRECTOR OF ENGINEERING': COMMANDING GENERAL --; DIRECTOR OF RESEARCH I 
f-- -

CONTROL OFFICER DEPUTY COMMANDER 

I ASST TO THE I 
COMMANDING GENERAL 

I I I 
ADMINISTRATIVE DIVISION PROCUREMENT-MAINTENANCE ENGINE"RING DIVISION 

ENGINEERING DIVISION 

Adjutant Branch Field Engineering Branch Engineering Branch 
Supply Branch Maintenance Engineering Branch Pions a Programs Branch 

Reproduction Branch Procurement Data Branch 

-' 
EVANS SIGNAL LABORATORY 

DIRECTOR . 

Radar Branch 

Specifications S Drafting Branch 

Meteorological Branch 

Genera! Engineering Branch 

Thermionics Branch 

Service Branch 

SCEL FIELD STATION NO. I 

SIGNAL CORPS INTELLIGENCE UNIT 

SIGNAL PATENT AGENCY 

SIGNAL CORPS PROCUREMENT AGENCY 
LABORATORY OFFICE 

SQUIER SIGNAL LABORATORY 

--, DIRECTOR , , 
Components B Materials Branch , 

I Power Branch I 
I 

Specifications a Drofting Branch I 
I Battery Branch I 
I Frequency Control Branch I , Photographic Branch 
I 

service Branch I 
I 
I 
I 
I 

j , 
I 
I , , 

t---1 
I 

DEVELOPMENT DETACHMENT 

~ __ J COMMANDING OFFICER 

FIGURE 1 

~ RESEARCH e. DEVELOPMENT I 
. ADVISORY COUNCIL 

I 
RESEARCH DIVISION 

Research Staff 

I 
COLES SIGNAL LABORATORY 

DIRECTOR 

Radio Communication Bronch 

Wire Communication Branch 

Suppression a General Engineering Bronch 

Specifications a Drafting Branch 

HARRY REICHELDERFER 

Brigadier General j USA 

Commanding 

a:::'~ 
:j:.-', .' 
-;:-....... 
~ :..,'~; 

~;:~; 
.< 

o. 
~~ . 

c 

(-
?;.: 

~ " 

1"". ". " 



The Laboratories are staffed with a total. personnel oOlilplelllent of 

SO officers, 250 enlisted men, and 2600 civilians. Ollt of the 2600 Civil 

Servioe ~ployeee. almost 1000 are classified as professional soientists 

or engineers; 250 as sub-professional; 700 as clerical; and 650 as ungraded. 

or the total stafr, approximately 20% are ~lgaged, ,e~ther directly in, or 

in a coordination or supervisory capaaity of, the research which constitutes 

tho materj~l tor this writing. 
;/ C /11' 

SbnTION rII. Broad aspects of the program. 
as a function of oategories. 

Fig. 2 portrays the distribution of research effort/within the Signal 

Cot'plI. '!'he fields of effort are, fot' the most part. rei'Gl'enced against en

gineering terminology applicable to end item equipm~1B for which the Signal 

Corps has full or partial responsibility within the Department of the Army 
DEPAHT',]ENT of Defense ' 

or the mrti'tStJi:fii ." • such as: radio comlllunications; 

telephone, telegraph and other wire systems; radiological instruments; 
. 

photographio developments; deteotion projects involving sound 01' electro-

magnetio waves; electron tubes; facsimile and telG1l1llion; data transmission; 

aids to navigation; oOllllte~~easures against radio and radar systemsl produa-

tion of powel' by generators, primai'Y and secondary batteries and thermopiles; 

meteorological equipment; electronic cOIllponents such as crystals. resistors, 

oondensers and numerous others. Development programs on devices as indicated 

above proceed continuously on the basis of the oodsting al't. Itelated :research, 

however. is al so 0 ontinuously underway extending the frontiers of knowledge 

with the realization that from mny of the discoveries nader, important appli

cations will follow - - - freqUentyW1Predictable. but as the history of 

science has so often proven - - - inevitably following. Research of this 

'latter type mB:Y perhaps better be catagol'ized as being in the field of 

f2.~~;Ji;E:::;1;:'-~~~ t~" "-s- .. , _I. _J 
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magnetism and electricity, electron ballistics, microwaves, oircuity. 

elemental'Y p<'u'ticles and their intol'action. particle accel61"ators, solid 

et,ate. detorioration prClventioll, electro-chemiat.ry, thermo-cht'lJnistry ~ 

Pol,Yfllers, flecnanica. appl.ied mathe.1Jatics, cOlllpuHng devices. atmospheric 

physics, propagation, radiation and heat. acoul!tics. power generators" 

biophysics and others. !\ l1sting of such projects underway,dtbin the 

Signal Corps Engineering Laboratories is given in Table I follow:l.ng: 

TABLE 1 

LIST OF INTERNAL RESEARCH PROJEC'l'S 

Qommunicatigns & Radar 

1. Calculat,ion and Measurement of Hadar 
EChoping Al'ea Characteristics (Back 
Scattering Coefficient) 
a. Correlation of Measured Results 

with Theory. 
b. Study of Accuracy of Measuring 

l'echniques. 
2. Investigation of Space, Polarization 

and Frequency Diveraity Reception. 
3. lnvestigaUon of Various Skywave 

Radio Col1lJllll.!1ications for Multichann")' 
'l'eletype and Voice COJll!lll1nication. 

4. Investigation of High and Low Level 
Single Sideband 'rra!lsrr.iesion. 

) !>. Model Antenna Studies 

6. 

7. 
8. 
9. 

10. 

11. 

12. 

13 • 

a. Equipment and Instrumentation 
b. Model Earth Materials 
c. Theoretical Considerations 
Application of Short Pulses to 
1'ransmitter for Tin:ing Furposes 
Multipath Transmission Simulator' 
High Frequency Transmission Diversity 
l'acsimile Heeearch (Multipath Reception) 
llathematical & Experimental Determina-
ation of Relations Between Speech and Cross
talk Ratios pe~ Voice Channel. 
~beoretical Study of 2 and 4 terminal 
Linear Networks. 
Dial Calibration and Stabilitr of Variable 
Frequency Oscillators. 

. Research on Miniature Filters 

, . 
• 



14. Study of Telemetering Methods 
15. ~':eather Radar Investigations. 
16. Theoretical Investigations of Statistical 

Communi.ca tions Methods 

rgect.ron Tubes 

1. Pulsed Optical Spectra. 
2. Tub\') Design and Researoh 

a. Eleotron Beam Interactions, Eleotron Deflection 
b. I~luoresoence of Cathodes 
c. Emission of Cathodes 
d. Deflectionp Focusing. Defocusing 
e. MUltiple Beams, Orbital Beams, Helioal Beams, 

Disc Beams, Hollow Beaow 
3. Hydrogen Traoer Studies 
4. Tungsten studies . 
5. Study of' Basio Magnetron Phenomena 
6. Researoh on 'l'ransistors 
7. Secondary F.J.eotron Emission From Insulators 
S. '1'R and ATR Tubas 
9. KlYstrons and Beam Modulation Tubes 
10. Y.athematioal TreatmClnt o.t' Deflection Defocusing 

in Cathode Ray 'rubes . 

MaterialS 

1. Investigation of Magnetic Materials with Rectangular 
Hysteresis Loop 

2. DiGlectr:l.c, Piezoelectric and Electro-st.rictivl'l 
Materials and Phenomena 
a. Lattioe Parameters of Barium Titanate 
b. Optical Properties of Barium Titanate 
o. Polarization and Barkhausen Effects in 

Barium Titanate 
d. Po1ycrystalline Barium Titanate 
e. 'rhe Chemical Bond in Synt,hetic Aluminum Phosphate 
f. Optlcal. Properties of Al2'?3Crystale. Electro

lytically Produoed 
g. Charact,erietica of Pinite for Poasible Dielectrio 

Applic(,tion.'lo 
h. Struotura1 Characteristics of Basic Lead ~1licate 
i. Relation Between the Composition, Crystallization 

History and [hysical Properties of Vica 
j. Ferro-Eleotrio B11rium Titanate Single Crystal Growth 

3. Techniques & Instruments for Materials Hesearch 
a. Electron lucroscopy 
b. Electron Diffraction 
o. Spocial Techniques in Spectrochemical Analysis 
d. Investigation of Differential Thermal and Mass 

Analysis 'l'eci1n;iqu(ls and J;quipments 
,._ •. l:'!-:- ':~~)I~ . l...u:Lt-~~-·~. 'f;' ~ ,,). 
~!~i~- -7-" <'- ',.:", ~i .... ~-)LI .. ,;' 
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List of' Internal n~h PrgjectE! (cont'd) 
Il,runmunica,tions & H'Hjlll': (cont tdl 

e." Automatie Interferometry by Photoelectric 
Pickup 

t. Vacuum Di1atomctry at Low Temperatures 
g. cuantitative Spectrochemical Analysisl Visual 

Comparison Densitometry 
h. Methods of" Photometric Oalibration of Photo-

graphlc I1JnuJ.sions " 
i. An Automatically Operated Spectrograph 
.1. Recording Microphot.ometer 
k. Particle Size Studies Turbldi.:netry and Sieving 

~ 1. Surface Area Measurements by Gaa Adsorption 
4. Electrochemical Materials and Phenomena 

a. Structural Characteristics of Carbonyl Nickel 
Powders 

b. Structural Characteristics of Carbon Blacks 
c. Structural Oharactedstics of Natural and 

Synthetic Manganese Dioxide 
d. Surface Protection 
e. Electrode Fotentials of strain for Metals 

S. Semi-Conductor' lAaterials and Phwomena 
a. A Study of' the Barrier Layer 
h. Time Lag Phenomena in the Selenium Rectifier 
c. 'fhe Surface Resistance of Selenium as a Function 

of the Gas Which is Absorbed 

Meteorology; 

1. Lower Atmosphere 
a. Time and Space Variation of Meteorologic~l 

Data 
b. Liquid ~!ater Content of Clouds 
c. Nature and £lehanoro! Freezing Nuclei 

2. Ozonosphere Investigations 
a. 'temperature and Wind Structure to lSO,OOO Ft. 
b." Pressure ",easurements 
c. Balloons for High Altitude Flights 

3. A Correlation Between Electrical Charge Centers 
and Turbulence in ThunderstorlJl8 

4. lleteorological Sounding Without Auxiliary Flight 
Equipment 

Rropagation" 

1. Ionospheric Propagation Research, and Low And 
Very Low Frequency Research In Polar Regions 

2. Tropospherla Radio Propagation 
3. Studies in Very LOllg Range Radio Propagation 
4. Propagation Studies Dirootly Applicablo to Signal 

Corps Communications Equj.p!!l(!nt 
"I-;!/:,;;;~~ 
11<\I-",";i ( "' .. :'; " ;. " " ~i···-' 

- .. '-ep-'::1 '.;~ .... iii I. _ .. '_.' ! 



Ust or Interna,l Research Projects, (cont'd) 

j'hotographv 

1. Photo' Optics 
a. Lens-Film Resolving Power 
b. 1'1"0 Mirror Oblique Reflecting System 
a. Image Motion Compensation With a Rotating Prism 

2. Photochemistry 
a. Ion Exchange 
b. Frocessing of Color Film 
c. Diazosensitization 
d. Acclimatizeu Silver Halide Filnl 
e. Black & '-',bite Pilm Processing 
f. Sened tometry 

3. Photo Mschanies 
a. Shutter Techniques 

4. Non-Conventlonal Photography 
a. Electl'ostaUn Electrography 
b. Ph05phorography 

Power Sources 

1. Investigation of Physical and Chemical 
properties of Manganese Dioxids 
a. Electron llicroscope, X-Ray Dif

raction and Spectrographio Studies 
b. Chemioal Analysis 
o. Fabrication of Cells 

2. Investigation of Manganese As Anodic 
1Iat0l'ia1 

). Investigation of New Electrochemical 
Systems 

4. Investigation of Battery Components for 
Low Temperature Operation 
a. Electrolyte Formulation 
b. Geometrical Configuration 
o. Physical IlL Chemical Construction 

of Cell 
.5. study of Nickel CadmiUlJl Electrodes 
6. Thermoeleotric Generation 

frequenoy Contrq~ 

1. Synthesis o,f Crystals 
(,;»'L-y- a. Aluminum Phosphate 

I b. Aluminum Arsenate 
/';0. Scintillation Crystals 

2. VHF Crystals . 
a. Funda!:)flntal Mode Crystals 
b. Overtone Crystals 



List qf Internal Researc,.h 1'ro,leotl!! (conl:.~) 
Frequenol C~Jib (oont'd 

3. Instrumentation 
a. Mode Analyzer 
b. Impedanoe Measuring Equipment 

4. Low, Frequency Crystals 
a. New Crystal Cuts 
b. Bar Crystals 

;. Microl,vave Frequency Control and Measurement 
6. Aging of Crystals 

Sound 

1. Ultrasonics 
a. Extende,d Fre'luency Range H.eeording 

System 
b. Ultrasonic Generation 

Nucleonics 

1. Scintillation Crystal Detectors 
n. Sointillation Counters 
b. ,Cadmium Sulfide Crystals 
c. Coincidenoe Measurements, 

Augmenting the work shown In Table I t and in many instances being a 

oooperative part thereof'. is the even more extensive researoh program being 

carried on for the Signal Corps through contracts with industry, academic 

institutions and research foundatiaQs. Thi~ portion of the activity is dis
some~hat over JOO 

persed among l ) research contracts, the coordination of which is one 

of the major tasks of the Laboratories. The breakdown of oontractural re-

search projeots is shown in Table ll. in which, it should be understood,:tl:oot 

the items listed do not necessarily represent equal effort. In one instance 

the project may represent the effort of a lone investigator, or again it may 

represent a large-scale effort, as for example, from the staff of the Re-

searoh Laboratory of' El{Cctronics, MI'!', where over 200 Bcienticts' are aggress-

ively attaCking many electronio problems through support given in a Signal 

Oorps contraot v.'hich iB equally financed by the three Services. 

"'. 
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· froj Elsi . 

IQ,qoir;ol:\ Tub"'ll. 
" Panel 011 Electron Tubas 
'Th~rmlon1c Emission 
·Volta.:e Hegulator Studies 
Tuba and Circuit 1.",OOratory 
a. p. eli . Magnetron 

, lhidliO-Coated C&,thodea 
· COld Cathode 'lubec 

Sem1-GondllctOl'll 
, 'tR Tube Studies 
-Filamentary Alloys 

,lr,egut'!}cY CMtr~ 
,Crystal 8tud16 s· 
Oryst,ab 
Qu~rtz Oscillator Plates 
Aluminum Ph09ph~ittl Cry"tala 
,!:lynthatio Quartl! 
Synthetic Quart:; 

p" Synth .. tlc TouI'll1£,lina 
",. Cry(.lt.al Chemioal Helationa 

. c. stroboscopio X-Ray lJiff'l'8.e,tl(7jl 
High-Frequenoy Crystal Cirnuitry 

'. OatUllator Circuit Theory 
, liIa:gneto,rtl'ictloD. Studies 
,. Detwimiing Quartil 

~l"o;t.q~ 
'Sferies Studioa 
''Jinundorstorn\ Studies 
-HUlIlid1ty Element a 
Aneroid Capsules 
Frojllct Cirrus 
Upper Atmosphere Research 

, Hitl.h-Altitude aau,OOtlIl 

Computer 
"'-, "_" , Crystals as lIfateorologi<l,J.llUamentfJ 
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SEO'l'1(1"! IV - hESFAl1CH IN COMMUNICATIONS .... ..- .. ~ _ .. 

. ~':~ J:~~, 
;j !~ .. ! 1;\1.'::' 

(1) Intl:.qducti..!?ll: The primery mission of the Signal Corps 18 the 
integrated. . 

d6v~opment of an ~ cOllllllunicabon system for the Army Field Forces 

baaed on reported or foreseen needs of the eventual using organization. 

'I'he system must provid7~~emmandel with constantly avaUable, reliable and 

fast communications to all components of his fighting team, from any loca

tion within his command, by utilizing radio or wire channels or any combina-

tion thereof. The provision for such a service necessitates an engineered 
. , 

communication system that 1s completely integrated from thEl highest to lowest 

echelon as well as 1I.lterali3". Since vrlre and radio represent the prineiple 

means of' . signal communication, the problem reSolves itself into one of devel

oping a signal system in which the respective advantages of' the wire and radio 

systerns are ~ombined to provide the hig,hest degree of communicationoircuit 

fle:xi.b:tlity. It must provide not only for the vast amount of' common and ad

ministrative t,raffie but also for the transmission of early warning and track

ing radar data. telemetering data, television/facsimile, and all the ot.her 

tyPes of information necessary for modern mechanized remote control warfare. 

The statements above express a combined engineering - military point of 

view with respect to communications but do not deU-lbate research involved, 

or indicate the direction it should take to most effectlvely accomplish the 

l
ye 5 . 

desired military object OilS. In its broadest Bcope it will imrolve many areas 

of' engineering; it implies contributions arising throughout the entire field 

of' the physical scienoes and, in many CMOS. integration With biological 

studies so as to bring out the c!'ffiltlon $lemehts in the funcUontng of inter-

-u-
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llIediary maohines in combinat.ion with h\l.lD.fUl SGllS$ organs, thlil llervOIllJ syst_ 

and the brain. 

In a pU:\'E,ly physical sensEI. research in oommunicat.ions lIlay be cona;!.d-, 

",red to enjoin tour major categorj,I)s of oi'fort. 

(a) l'hysical aspects pertaining to the conception; understanding, , . 

design, snd construc"\iion of new typas oi' terminal <;lquipment based UPOIl exiati:nq; 
• 

lm\)wledge or upon Gllltir'ely new approaches IJ.pplicablfl to tho translllisuion of 

(b) Investigations psrtaining.to the physical behavior ot t4s· 
• 

tr811~miElsion media. 

(0) PhySical allpeota i,erta:l.niug to the conception, undet'st~1tlding, . 

design, and construotion of new oOlllponants and materials contributing to th19 

.advancem()nt of (a) L,d (b) abov@. 

(d) Basi" rellearch not jlecef.'''~U"Uy direotc.d toward solution of 

pt'obla.ms falling within (a) ~ (b), or (0), but whioh ~ later be found appUcable. 

Since, for tho moat part, iteros. (b), (0) and (d) aboVE> pertain alB\') to 

·many oth~r field a of application, discussion within this Section will be. limited 

to (8) and Ii portion of', (1:», l~aving tho, :remainder for: later aectio!ls in which 

fA. (lomposito effort will b0 sh(Y!m. 

(2) 'l'ran(lpjisgl.o!) of InfotT.ationl The thoughts on tral1llroisaion of 

information immadiately following wel'S lrirgel;v t.aken from a contractual rer.ort 

prnpared by Professor FMC! of MIT .... ": •• The objeoti.ve of almost alleleotrioal 

communications systems has bean, up to now; to al!.minate distance in flome fom 

of human aotivity or relat.iOnfJhip ;p.th men. Telal~al'h, telephone, televiSion, . 

toletype, telecontrol, teilell1etednffi, fac;.dlriile. are exa.mploB of such commuui

cationo l3ystema. Communication ie basi""illy allY form of trauemisaion of 

Wormation re{,;!U'dl<lfl6 of tho diatt'llce bet\voen tho tra.rtrsllLtttc>l' and l'eCOivlolr. . . 



oombining, cemparing I'll' employing of information, since such prOUGsses 

involve and are intimately connected with the transmission of such infor

mation. Thinking itself, in fact, involves a natural communication system 

or a complexi.ty far beyond that conceivable fer any man-made systcm " if * 
Early studies made by Norbert. \~iener of MIT led him to the l'ealil:at.ion that. 

all oommunication problema are fundrunentally of a statistioal nature and 

must be handled accordingly. He argued that ths signal to be t.ransmitted 

· in a communieation system can never be eonsidered co a knewn functien ef 

time, because if it were !. Driori known, it aould not convey any new infor

llI'ltion and therefore would net need te be transmitted. On the other hand 

what oan be known !l Ilril!!:,;t. about a signal to be t,ranslllitted is its statis

tical characrtElr -- that ie. for inatanCle. the probability distribut.ion of 

· its amplitude. In addition, it is equally clear, that nois6$ \\hich plays 

Sl1ch an important part in communication preblems, can be described oilly in 

statistical terms. It fellows that all communication preblema are inherent

ly statistical in nature. The statistical theory of optimum prediction 

and filtering developed by Wiener led further.to the realization of the need 

· fer a basio and general eritel'ion tor judging the quality of o01ll!llUllications 

systems. The searoh for a more appropriate criterion leads naturally to 

the question - what is the operation that a communication system must per

form~ It We take as an example a telegraph system, it might seem at first 

obvious that such a system must reproduce at the output each and every letter 

of the input mSRsage in the preper order. We may observo. howev-er t that if 

one letter is received inoorrectly, the word centaining it is still twder-

standable. in most cases, and so, of course, is the uhole message. On the 
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other hand, the incorreot transmission of a digit in a number would make 

the received message inoorrect. * * if It appears therefore, that the trans- . 

mission of the informat.ion conveyed by a written message is what WEI vnsh 

to obtain and that this is not neoessarily· equivalent to the transmission 

of all the lett em contained in the written message. More preoisely, it 

appears that the different symbols, letters or figures· contained in a 

written message do not contribute equally to the transmission of informa.

tion - - - so much so. that some of them may be considered completely un

neoeasary •. Similar conclusions are reached by considering other types of 

oommunications systems * if * These oonsiderations are relevant to another 

problem vdth which communication engineara are becoming more and more con-

eerned, namely that of bandwidth reduction. It is olear that it different 

parts of a message are not. equally important. some savings in bandwidth 

might be possible by providing transmission facilities whioh are proportional 

to the importance of these different parts. The bandwidth problem, in turn 

is intimately conneoted with the noise-reduction problem. In faot. all the 

different types of modulation developed for the purpose of' noise and inter

ferenoe reduction requires a bandwidth wider than that required by ampUtude 

modulation. This method of paying for an improved signal-to-noiee ratio 

with an increased bandwidth appears to be the result of some fundamental 

limitation which, however. the conventional approach to comtnuuication 

problems has failed to clarify * * * Application of the statistical. communi

cations concepts preceding, for the most part, still remain for the future. 

It is however the opinion of many workers in the field that the communioations 

art is today i'lL a major turning point in its development. The Signal Corps 

research and deveJ..opmllfnt mll inoreasingly .'eflect the influenee of these 



(3) . .lJodulntlon ~ Hultiplexirl8: Investigations have been conducted 

in the field of modulation and multiplexing coveI'ing~ an evaluation 

of all the factors which govern the characteristics of the intelligenca 

ohannel for all known types of modulation and to provide a method of deter-

.mining the type of modulation moat suitable for the transmission of various 

types of intelligence from the viewpoint of bandwidth economy, low noise 

and distortion, efficiency and othol" suoh parameters. Work has ineluded 

faotors involved in forward area. intermediate area., and rear area radio. 

relay equipment. Consideration has been given to the Pl"o~ems of a 96-tele-

. phone ohannel system operating at 2000 me. It has been found that crosstalk 

requirements of the system oould not be mst by dem.odulation to intelligence 

bandwidth at each relay station. even with the use of negative UP feedbaok. 

Work also is including the development of broadband component for the 1500-

2000 .me range -l~" {1> As another phase of the general problslZ1, a theoretical. 

analysis of' crosstalk'in critically coupled intermediate i'requeney amplifier 

was made using both f're'l.uencyand phase modulated signals; resulh of' which 

study were lat.er verified experimentally. As an interesting side-line, it 

appears that simulation of multi-ohannel speech modulation may be had by 

random noise modulation which, if prOVen experimentally, may lead to a simple 

means of measuring performance oharaoteristics of radio relay equipment l, * * 
Investigations are also underway·~~th the objective of analyzing the factors 

lihioh limit the bandwidth of an intelligence channel. and which may be trans

mitted by pulse modulation techniques. ~~ The 

faithful transmission of intelligence by pulse modulation recrJires that the 

signal to be transmitted be sampled at a 1'ate equal to at least twio@ the 

highest frequenoy contained in the signal j, * I< In double tuned oscilla.tors, 



the admlttancecharacteristics of certain multipl\'l excited# externally 

modulated, nonlinear elements have been investigated. Heterodyne modula-

tion of a double-tuned oscillator has been observed to create, a volta&El 

speotrUftl containing, as a rule, only a few voltages of appreciable magni

tude. Since the fre~lency,differences in this spectrum are observed to be 

commensurate with the modulation frequenciws impressed, it is possible to 

appro:x:imate the excitation spectrum and hence find the type of admittanoe 

variation occuring in the oscillator. The interference characteristics 

of pulse-time modulation have been analyzed mathematically and experiment

allY; particular fOl'me examined are pulse-duration and pulse-position modu

lation. Bath two-station and twa-path interference were considered. The 

theoretical analysis consists, first of a quantitative formulation of the 

oefects imparted on the pulses by the interference; second of a detailed 

evaluation of the resulting disturbance in the receiver output, based on 

auto-correlation analysis. The experimental investigation was directed 

at close duplication of the various conditions encountered in practioel 

twa station interference was produced by separate transmitters; Vlhile two 

path interference was simulated by means of a mercury delay line. Two

station interference is characterized by aV~ complete predominanoe 

of the stronger of the two signals, and by noise of'more or less random 

character. Under some condUions. the noise is Bufficiently weak to per-

mit fair rMaption when the two signal levela differ by less than I db, 

while other situations permit acceptable reception only with lev,el differ

ence larger than 6 db. These genet'al statements apply to bath pulse-dura

tion and pulse-position modulation, simplex and multiplex. Two path inter-

feranat!! in the, case of simplex pulse-duration modulation is characterized 
~.~ __ <..... . ". '~~. :.~~~ ri- ::' 
~~~:,,:,,~~~~~m& ... y;a!z~ 
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by the linear superposition of the two identical but time-staggered 

modulatiog signals. All interference effects. both in theory and in 

pr~ctioe were found to be directly dependent on the all-importantslio-
relativ!~ . 

ing praotice * * * 'A study is underway to evaluate the oomparative merits 

of a number of communications method by skywave propagation for military 

application in the 1.5 to 30 me frequency range. Particularly the work is 

directed toward evaluating the relative desirability of various modulation 

systemS with respect to multitone printer and subcarrier facsimile opera

tio~ since theoretical considerations suggest that the use of phase-modu

lation indicate the possibility of somewhat greater harmoniC and oross-modu

lation distortion than is present with amplitude modulation. Transndesions 

trom,Red Bank. New Jersey to Mineola, Lo~ Island, New York were started in 

May 1949. First tests use available phas&-mo·:ulation equipment and swolve 

only the transrr~;,i,Bion of' a single tone on pha.se-modulation and on amplitude 

modulation vdth the view of obtaining initially the relative degrees of dis-

tortian and other eff'ects involved. Later, more complex combinations of 

tones will be applied using a specially developed phase-modulation exciter. 

(I.)' Mu1tipath Transmission: Equipment has been designed to simulate 

the eff'ects of' multipath trtUlsmission on various types. of' signal~ in the 

high-freque:lcy range under varying controlled conditions. Extensive tests 

were made by comparing the results aohieved on a series of voice tests over 

an actual multipath radio oircuit with the same series of' tests using the 

IIimulator. Agreement was excellent ;~ * * An experiment is underway setting 

up a simple two-path system for the study of ghosts produced by re!1.ection 

of television signals oft buildings and other objeots in the path of the 

transmitter. The study will be ~e both under AM and FM conditions * * * 
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An investigation of the feasibility and applicability to military oommuni

oation requirelMltts of transmitter d1verBity syst$DlB was undertaken cooper

atively with IWA following a demonstration of a system RCA has in operation 

between New York and Bolinas, California. At Bolinas messago signals ware 

used to modulate two l-KW transmitters, each connected to its own rhombic 

antenna spaced approximately 1500 teet apart. At Red Bank, New Jersey a 

noticeable improvel1\Gnt of approximately 3:1 was in evidence using the di_ 

versity system against the single transmitter. The system has a number of 

military applications where insufticient. ground tor an antenna park exists 

j ,; at one end of the oircuit * * * In a link between Red Bank, Uew Jersey and 

Weldon Spring, Miasouri experimentation oontil1ues 011 the characteristicl!il 

of diversity receiving systema oonsisting of space diversity, polarization 

diversity and the frequency diversity in the range of 1.S to 30 megaoycles. 

part.ioular at.tentiol1 being directed towards 1e~t'ning methods and techniques 

for reducing fading oonditions * * it In oonneotiol1 with mulUpath trans

missiol1, e:xperimel1ts have aJ.so bSEiIl set up t.o det.ermine the degree of.' oross-. . t 
talk introduced in multichannel rad10 communicatiol1 cirouits by multipath 

transmissiol1. Twelve carrier ohannels were connected to a radio transmitter 

at the ~ryr1e, New Jersey test site and displayed on the soreen of a cathode

ray osoillosoop'i after reception at Mineola, Long Ioland. That. multipath 

transmission afteets a ffIJW ohannels at a time was quite evident. Experi

mental ohanges are now undel:'Way so that. by)neans of eleotronic Switching 

oircuits, the upper and lower sideband cOl1tributions can be viemld separate

ly. * if * An investigation pertaining to radio-facsimile was conducted 

over an ionospheric path selected to favor multipath transmission. Modu

lations ~ ernployed were carrier and Bub-carrier frequency modulation 

appUed to an amplitude modula lion transmitter and to (I. phase modulatiol1 

~~~~=~::::;~-~~ 
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transmitter. Amplitude modulation signals were rooeived on 8. conventional. 

amplitude modulation receiver and also on an exalted oarrier circuit. 

Phase modulated signals ware received on both an exalted modulation carrier 

circuit and by El frequGnoy modulation reoeiver followed by a dellll1phasis 

circuit. The purpose of the test was to compare the performance of these 

types of modulation undsr mult:1.path transmission oonditions. It was found 

that tha oarrier slurt gave the best result" followed closely by those 

obtained with amplitude modulation received on an exalted oarrier oircuit. 

'r)lis test is being repea:ted with the transmission taking place through a 

multipath transmission simulation instead of over an aotual ionospheric 

circuit. This permits the same comparison of modulation methods under oon

trolled conditions. ma..1{ing it a more severE! test as well all pI'ovicllng an 

opportunity to obtain more definite information as to the capabUitiElS of 

the various tyPes of transmitting and rec0iving circuits. 

(,) pir0Ction ~indin&1 The most ~dely recognized of the propagatianal 

factors W1lich affect direction finding is the variability of the received 

signaUa polarization characteristics. Even with the most. carefully designed 

space collector direction finders, cyclic fading of signal. strength and 

Wandering of the indica,ted bearings are usual~ present, and thea. factors 

are almost invariably associated with changing polarization. The errors are 

usually largest when the horizontally polarized component predominates over 

the vertically polarized component and, for thea reason it has become cust~ 

ary to regard the energy contained·in the horizontally polarized components 

of a down-coming received wave 115 inherently troublesome and "unwanted". 

Recent investigations have shown that the D/F errors and difficulties known 
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as "polarization effecta" aX'e, in reality~, due to all. instruJllant inadequacy 

This inadoquacy can bo cOl'ractod, and tho Ifpolarizlition effect" orrora can 

be largely eliminated if tho simple vertical collector elements possess tho 

proper characteriati'~8. it**, As part of thepl'o&"l'am indicated by the above, 
. ' , 

M. 1nvebtlgation is under'l1ay towa~'d s,udy of antenna oolleotor alollientl.l with 

tha 'following general charl.<C'~eristiCSI (1) OlDll1-dirGlctiol1u l'OspOtlSe in the 

,horiZ(intal. plane; (2) E£i'icient respontlo to elliptically 01' cit'cw.arly 

polarized wavel.l of a. p-:t:t'1liculli.l' arlitl'al'Y !leliSe of rotatious (.3) Respon"", 

to 1inlllu-ly po1ru.'1zed waves having s:ny arbitrary 'orientation of t ha eleotric . - . . -

vector perpendicular to the direction of propagationJ (4) Reasonably Ullii'orm 

impedanoe over a. broadband of frequ~lHliesJ a<ld (,) Sinzl,e ended output at 

f'reC':ueMies belo,'/ appro:rl.mately 6Ci em where it is physically impraotical to 

,elllploy'~evated balanced,antennas. Fw.-Ml<,r study in the field of direction 

finders oon~ernfl propagation [,henor,lOua. in the frequenoy rangQ 'of l. t.o .30 ma. 

Tha study oonpists primarily of' tt~e correla'cion exi!ltini; between var-l.o1W' 

charaoterisUCIl of arl'ivin,g rad:to waves. sueh as tlll1.1 angle of inCidence'. t;rr-0 

of,polarization, etc., and the accuracl to which' tho horizontal angle of . . . ' ,. 

6.l'ri val can be lIlo;"Bured by phalle compll.l'iIDon type of direotion finderfJ, An 

investigation'is also being made of practical Il!eth?ds of determining the , 

vafious chal'~ctei'istJ.cs of radio, wavos which influ.encQ direction tindin[; fWcrur-

acy all VleU all utilizing the aoclU'acy of such systallls. 

(6) Im::eijtigatio!lq Pertaining tg Fregu!1A!lY Modul,a,t:l,oAI Ore :I.nv<!>~rt1go.tion 

recently cQmplotod concerned Ili' filters particulal'ly with l'ilSpect, to improved 

aelectiv:l.ty und stability \'lith the hope that results would load to unita 

adequate for the revlacellWnt of the standard IF sY\3tellls in present FU co®l!UIlic/;\.-

,tiona radio reoeivera. Charaoto'.riaticll derived wore bandpll.Ss and seleotivity 
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with atbbUity such that no l'eali[,rnment of circuits :I.a rOQuired in the field 

lencling itself to makl.n,; channel apacingfJ of 50 ko availll.ble instead of thE! 

pNser.t 100 ko spacing. <lJ."'Jllttti i'Uter~ with quartz elements appae.red to 1:>$ 

an obvious solution but provod unsatisi'aotory. A second poasiblo'solution 

appe<.rs throuii,h tha 1llle of .. double IF system with two oomplex J:r·C filto;!:' 

networks, one at 185 ko for seleotivity and ~.o at 4.3 mo for spurious responae 

rejection. It is felt that suoh a complex filter version of the double IF 

S'J'stem will !l'Iak~, the 50 kc ohrumel apacing i'easible 

.. 
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in present HF and VHF ranges provided that improvements are made in tho 

present system frequenoy stability * * * Another investigation underway 

ooncerns the effect of: noise on the reception of a frequency modulated 

oarrier ~ and to compare the results wi th the oorresponding IIJlIplitud8 modu

lated oases. Present effort is mainly directed toward the explioit deter

mination in a useful form of the probability densities for impulsive noiss, 

where the number of elementary effects per seoond is sufficiently small so 

that there is comparatively little oVerlapping of the impulses~ Once this 

probability distribution has been determined, it will be p0ssible to extend 

the theory of FM reception in noise to inolude the important practical C9.S8S 

of statio, ignition, noise, and other typ8S of impulsive interference. It 

is also planned to apply these results to .tM reception. Studies will also 

inolude \~veform. power and speotra of signal and noise in FM transmission. 

(7) Militarx Television Techniques: An extenflivl! program has been 

established vdth the view of exploiting all military applioations of telG

vision systems, components, and teohniqlles.' Booauae of great commercial 1'e-

search emphasis in the strictly technical phases of television, the lnajol:' 

effort will be directed more toward discovery of applications of the exist

ing art, rather than heavily embark on scientific investigations presently 

covered in industrial research programs. Partioularly close ooordination 

with Army Field Forces is contemplated in the operational research phases 

of th1B investigation. 

(8) ~!!!& CabJ,,~ Researoh: A number of matalurgioal inv6stigatiorul 

have been directed toward finding improved alloys for wires and cableB. 

Fleld tests for the more promising are contemplated * j, * In ths Ilamtl field, 

general studies -are being rrade covering types of transmission oircuits, lindt

ing factors in- transmission, oonducting, insulating aml protective materials, 
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and physical and electrical oharacteristics of carrier cables suitable for 

mili tary use ... i th a fz'equency range of 10 kc to 1. S me. 'fin':'copper braid 

followed by two steel. tapes wrapptld in opposite direotions and COVCl."ed by 

a braid of the highest conductivity consistent with sufficient tensile 

st.rength appear to be the best design presently available. Teste covering 

the range 10 kc t.o 4 rac indicate the shielding can be greatly improved over 

that which Is possible with three or four copper braids. At frequencies 

above 1 me the tests indicate a need for reduced leakage of the electro

magnetic field through the interstices in the shielding, 0'1111ch accounts for 

most of tho lOBS at the higp.er frequsncislile Attentioll will be focussed dur

ing the next few months on such points as conneotor design, method of attaoh

ing the shields to the connector in a manner t.hat will give tensile st1'ength 

of at l.east 600 l.bs., and bonding the insulating material l\11ioh will he 

applied both to the oonneotor itself and to the cable jacket. 

SECTION V _ RESEARCH IN RADAR 

(1) IntroducUon:. The development of radar is surely one of the 

finest ElX!\lllples of the mobilization of scientific effort for aooomplishment 
all l~gsnt . 

of/military objective created by the invention of the airplane and later 

developments 1'n the t'ield or missiles. Branelling out from its pre-war start 

as a method for locating aircraft prirnal'ily for warning and tire-control pur

poses, radar has expanded ·into the fields or navig;itiong weather prediction, 

mapping and s\U'Vey:!.ng, and nuru!n'oull other uses which have civilian as well 

all military- applicatlon * * * all in conmunications, radar'!I growth st.ems 

. frOlll many eontr1hutions in various eng:\.neoring fields, the physi.cal sciences, 

components, materials, etc. AdvanCIIlllDnt in radar is thUs the story of aohieve

ment. in eomplu oircuity-. miCro\W1VS teohniques, proFa~ation. electron tithes, 



other .specialized purposes, suoh as ohemiaal and radiologioal warfare I/; *' * 
Prior to World War 1I meteorology was genaraJ.ly confined to the measurement 

of oertain basio meteorologioal parameters; i.e., temperature, pressure, 

hum.idity. Wind speed and direction, both on the surfaee and aloft as \lieU 

as cloud heights, were also measured. ThG techniques were not in keeping 

with the accuracy deslred and the application of electronics to the meteor

ological field was somawhat elementary {~* * During t,.he 'War the n®ed for 

more accurate measurements was quickly realized and eleotronic teChniques 

were introduced vdth immediate and far-reaching improvements. The Signal 

Corps is now on the threshold of a. new era ibn both research and in the dsvel-

opment of instrwnents and eq~tpment for the gathering of meteorological data. 

'l'he utiUzation of radar and radio direotJ.on finding techniques have opened 

new viatas in the determ:l.natioD of what weather is and wherli. . New and 1m-

proved methods of measuI"lng air temperature, pressure, and humidity have been 

and are being developed to permit X'outine BOWldings of the upper aiX' to al

titudes of 100,000 feet and higher, providing an aocurate thiX'd dimension to 

meteorological observations. HighsX' and faster rising balloons have been 

and are being dev'lloped to carry the sOWlding equipment to thes8 high altitudes. 

Experimental sOWlding to 140,000 feet has already been accomplished. Speoial 

eleotronic components such as electron tubes, resistors and batteries have 

been and are being developed for the radiosohde uni.t which is carried aloft 

by these balloons. Meteorological rockets are under development >'!hlch have 

attained altitudl!l8 impossible tor balloons to attain •. Special devlces, com

ponents and techniques have been developed for such use * * * Upon the con

clusion of World War II, it was 1nc;,eaeingly apparent that adequate weather 

torcBsting depends on complete coverage of the earth with a network of meteor-
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ological obsel'vaHon stations. Due to the large water mass liD of the earth, 

the many ~mote and inaooessible areas, and· to the diffioulties of obbain

ing weather data in hostile territory, means other than the normal suriao. 

weathl!lr stations and upper air sounding stations must necessarily be an im

portant complement to the land weather net. This requires a wide variety 

of meteorologioal equipment for obtaining upper air Bounding and strategic

a.lly plaoed !lutOllllltio weather stations to obtain .speClialized weather data. 

The advent of the high altitude, long-range rooket, and of jet-propelled 

aircraft have also made it inoreasingly imperative that higher altitude 

meteorological data be obtained it * * Some of the speoifio projeots in 

the current research program follow. 

(2) !he I.m"er AtmO$phe~ !Tropospher~): 'rhe portion of atmosphere 

designated as the "troposphere" is really an oblate spheroid ranging in 

height from ten mUes at the equator to five miles at the poles. The vol

um@ thus contained accounts for almost SO% of the earth's total air mallS 

and nearly illl of the clouds in the sky. * * * Investigations are underway 

directed toward determining. the nagnitude of spMe and time varia,tions of 

meteorological data in this part of the atmosphere. MOst effort so far has 

been specifically devoted to the time and space varjAtions in wind velocity 

aloft. Preliminary calculations indicate that the primary oauses for vari

ations of wInd Velocity are the eddies which exist in the atmosphere * * * 
Another imrestigation underway concerns measurement of the liquid water eon-

tent of clouds from measur!lll!ents of visibility and particb size ;~ ':, * 
Another investigation regarding atmospheric disturbances or an electrical 

oharacter oenters 9.round position finding of Buch disturbances as one of 

t.he few means of easily determining weathfl1' conditions over enelllJ" t,emt.ory 
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or Tomote and inacoessible land and ocean areas. This work includes: 

(JJ research "on the determination of height of the 10 to 20 k(l refleoting 

laye!" of the ionosphere;(2JusCl of static direction finding equipment in 

locating atmospheric disturbances other than thunderstorms;(.3Jlnvesti~a-

tion of the frequenoy of atmospherio disturbances as a funotion of the 

distance from the origin; (4) study of the correlation of the atmospheric 

wave shape with simultaneously observed n<ttwork fixcs; (!i) development of 

oircuits Which will resolve ambiguities in multip~th propagation of 

sferics. disturbanoes; and <.0 development of single station teohniques 

for use in finding the atmospheric discharge sources 1'Ii th an acouracy 

oomparable to that obtained with existing triangulation methodS- * * "* 

With the view of determining the meohanios of electrical oharge produation 

and electrical charge separation within thunderstorms. studies are underway 

in New liexieo where such storms are quite fraquent. In this investigation 

the electrioal properties of water will be explored under conditions judged 

compatible withthunderetorm environment. It is anticipated that the re-

sults of such investigations will provide a better understanding of the 

phenomena of electromagnetic waves produced by lightning and may also prove 

useful in the field of storm deteotion and analysis by electronio means. 

Several airplane flights have been made through thunderstorms with the ob

jeotive of obtaining a correlation between electrioal charge centers and 

turbulence and to confirm existing theories of thunderstorms .* * * 
Another investigat,ion involving the study of weather by electrioal means 

employs radar teohniques with the vit'W of associating various reflect1.o1ll'l 

with atmospheric disturbal"'oes. .'fhis worle is oonduchd through simultan

eous observations by radar on an airplano flying in the disturbanoes at 
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the same time weather parameters are being meaBur~d by persollllel in 

the airplane. Simultaneous records are made of the radar reflections 

from the area under observation. Some of the problems partioularly under 

investi~ation are: (~)determination of the effect of frequenoy. pulse length, 

pulse repetition frequenoy. ~& and peak·p~ver on radar eohoes from oloud 

rormations. rain, snow, or other weather phenomtnaj(~) oorrelation of radar 

cahoes with type and intensity of associated atmospheric phenOmenaj(3.)measure

ment of scattering and attenuation of radar pulses through various types of 

.weather and oorrelation of these with radar range and frequency; and(4~ 

measurement of water oontent, partiole size and distribution, proportion of 

liquid and solid particles, turbulenoe and oorrelation of these items vdth . . 

weather radat * * if Related to the preceding experiments are several other 

experiments based on vertically directed narrOW-beam pulses at frequencies 

of 100, 2800, 10,000 me, and higher. At 100 me theoretioal etudies indioate 

that vertical incidenoe transmissions are likely to produoe measurable and 

recordable reflections from tropospheric layers and that suoh data may be 

of considerable value in interpreting meteorological phenomena. At higher 

frequencies, tropospheric echoes from olouds, rain and snow have long been 

experienoed with major emphasis now required in establishing understanding 

of the meteorological significanoe of data reoeived at various frequencies. 

* * * In work pertaining to the troposphere, under title "Project Cirrus It 

oloud stUdies are underway in ~hich ever.y measurable parameter is being 

studied with respect to influenoe on co.ntrolled modifications of olouds 

through the introduction of nuclei, suoh as carbon dioxide, or silver iodide, 

on which oondensation may oocur. This is a joint Service projeot, and field 

experiments pertaining there to are conducted with all services participat-

~~ft:?:~rzE1. ~?,h_1 



ing. llumerous fligl1t experiments have been made in various l'egiorlEl within 

ldIiu:]{M:ajlll:)!'l<np~ the U. S., and several in Caribbean areas, ~ 

;dR!hN~. Beaenrch continues along very basic lines. 

(:3) '!!12 llim.<i!:. itmosuh1!';!! (St,ratoophel'<? .llil9. 'Ioposphere): '£he strato

sphere extends from the top of the t,l'oposphel'e to a height of about 50 lniles , 
and contains about 20% of the t.otal atmosphel'eo mass. Beyond lies the huge 

rarefied shell of the ionosphere risins to 2,000 mil~s or rnor6 but oontaining 

. less than one half percent of the total atmospherio mass. In probil18 the 

lower fringe 'Of the upper atmosphere, balloons have sell'Ved as the' principal 

carrier for measuring equipments. Vr'hile eome fligtlt.S haye been made ad high 

as 140,000 feet, 120,000 feet represents the rmtr..imum height from \'Ihioh sig

nificant information on t6mperatlll'a ann wind fields have been roceived. * * .r,. 

While there if, good promise that eventually balloons capable 'of reliable 
ft. 

daytime soundings of 150,000 will heeOllle available, t.o significant,ly probe 

,the upper atrnosphere,l"ookets appeal" at this time to offer the Illost satis

factory app~oach. Accordingly, t.he Signal Corps' upper etmoaphcre program 
UpB of . tho 

hIlS lal'goly been huilt around/rockets •••• first/Ordnanoe .oonstruoted 

l':ao Corpot'al. latet' (Jet'man ,r-2' a us they bec~me available$ and more rccent
,tllB 

ly, ftElrobee.q procured fronva: ~!nvy.~. l:. 1> * One phase oi', Signal 

Corps upper atMosphl!l;'e research illvolv!Jg the development of'techniques for 

the :30 - 80 kiloueter reeion lcadirlC to I:1GaSIl)'el.1I'mts of pressure, tcmper

atuz''', winds, tlotaposition of the atmosphere and oth",r ussociated utnollphor: c 

phenomena which are meteorolo[,,icaJ.ly dgro.ficant. Efforts to dctorti6.11e 

pl'ellflUl'O and. composition look promisil'lG' Upper til' samples havo been obtained 

and are being analyzed. In the ficld 01:' temperature LlO!ivurelllcnts, it. is 
~~~'m';'~cti<'~:~;';;"~.'.~'~'" 
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hoped that. by meaauring the position 'of the ahOok wave' off 8. wedge on t.he nOBill of 

e. rocket, and knowing the Haoh I~Wllber~ aocurate tomp(;lrature oalculations wUl be 

pOllsible, ' Measurements made at Langley Fiald in thelow-df;lnsity wind tunnel 

indioatG that good rosults Iilay be O:i.'PElcted to e. height of 60 k11ometEll's. J\nothGl" 

approaoh to high altitude tQmperatura determination involves the meaaurement of 

tl'avel time to 'earth for sound arising from grenade bursts ejected from rookets 

dur1ng flight. AerobOe rockets are now being equipped with nine four-pound 

grenades. explosions of which will occur' at pre-arranged'lntervals as the rocket 

passes'through that part of apace for Which temperature measurements are desired, 

Time of explosion will' be telemetered to the oartt. and the aound' arrival of each 

burst will be later detect"d with lllicrophoMs. 'With 'sucll data, temperatures at 

varioua altitudes may easily be computed, since the velocity of- sound is de}endent 

upon ilia temperatures of the tril.nsmission media. In the field of wind 11Isasurementli, 

major hope ill placed in generating a BlllOke trail which can.be photo.:raphed from 

the ground !UI it yields to, the various atrr.ta andwind,velocitJ.es at highaltil;udaa. 

Several flights have already been made, and the technique is developing satis

faotorUy. *** A nt1lllberof 6"..<perilnents are underway in which the -upper atmosphe~ 

, 113 probed, 'with assistance coming from beyon~ the earth,through measurementf) 

made on phenomena associated with the passage of meteors. This is accomplished 
, 

through study of radio reflections from meteor ionization trails •. Doth pulse and 

contw'uous-wave (Doppler) measuring techniques are llalng used. In .the 1nveatlga-
... ~ 

tion, emphasis has \leen particularly toward obtaining an accurate and detailed 
. - '. 

pioture of the physical processes occurring along th~ meteor1s path. With new 

techniques developed; it has been possible to etudy tl<le time variation of the 

fJpatial distribut.ion of the electron density ill the usual type of ionization' olowl. 

"Results,indica,to the oloude to be formed virtually instantly by a. radiation-type 

process, and that decay; of those, olouds rOllults from a recoillbina.tion-typo law. 

I . . .... 
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(4) In§trum~ntation Resoarchl 'Basic stu:'lica are underway directed toward 

improving certain elem&nta invo.lved in convention,al meteorolo,;ical, meaSUrelll,outa. 

For (Jumple, humidity elements arc b()lng, worked on with objectives '01'1 (1) no 

polarization; (.2) high sensitivity at 'high humidities) (3) small temperature 

coefficient of realstc,ncol (4) no deterioriation at' high humiditieSI and' (5) 
, 

, ahort time of' r"sponse. iHHi' Another investigation concerns 

, . 

" 

.'. 

" 
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ways and means for minimizing hYlJtereeis and deirt in aneroid capsules and 

capsule material with the object of obtaining improved capsules fcr operation 

(lver the temperature range of + 600 c to. _ 90° 0 1f * * Other :l.nvestigations 

include: (1) thermo-elastio bimetals for lowtomperatures;(2) residUsl stress 

measur-ements; and ()) creep measurements. 

SECTION v.u - ttESEARCH lli PROP}.GATI9\! 

(1) l.1ltroductioo: This Section deals wit.h researoh. bring done in that 

tield ·where the media through which information is to be transmitted is the 

earth's atmosphere. The findings from such research may be related to a 

nwnher of fields of Signal Corps interest such as radio COIlL'Uunicatioll$, radar, 

meteorology, optical. si~, sowld l'angi!18, photography, etc. In the 

e1eat.romagnetio spectrum the area. of interest. i . .ncludes the cntix'0 fJpectl'um 

ranging .. i'rom very long wa.ves which follow the surf'ace of the ~!I%'th~ inter

mediate length waves which arB corli'in6d to the earth's atmosph~re 'OJ'' ra

flection from the ionosphere, the extrem.ely ahort wana which, 1'or '~he moat 

part. follow a line - of - sight tyPe of tranemission, and !aet1y, t.hat. part 

of t.he spectrum including the infrared, visible, ultra-violet. and upwards 

into x-rays and cosmic ra.ys. In the sound apeetrUIlI interest also exista I'.t 

all wavelengths but particularly at very low frequencies where long l'ange 

transmissions offer considerable IDaitary interl'!st, both from the point of 

view of sound-ranging and froo consideration that oertain UleteoI'ological 

pa.rameters may be deduced from transmission data. * ;; '. Elemont.s of the 

propagation program which have been mentioned tlB.rlier as integral p:.rt.s of 

other work will be omitted from the following presentation. 

(2) ~ ~ctromagQet19 ~~e9ttyml As a first p~iority in tho field 

of propagationt research activiUe. are underway to fill in requirl.aments 
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established by ~ipment developments now underway. From a rational point 

of view, such an orientation of thinking is desirable to mi.nim1.ze the occurr-

enc. of prevlously'unsuspected atmospherio or transmission phenomena after 

Illl item of e'luipment has been developed; as for example, during the war 

when a K-band radar v.as developed ..mich later was found to tall squarel.3' 0 

on /I, strong absorption wave length for water vapor so the invisible molecules 

effectively absorbed and blocked the radar signalJ * * * A portion of the 

present effort has been conoerned with studies of progagation effects in 

frequenoy ranges suitable for radio relay service, Equipment capable of 

sweeping a wide range of frequencies is ~ng oonstruoted BO that field 

measurements can be made of the fading, and the effectiveness of diversity

reception in overOoming such phenomena. Such tests usually require data 

'taken in the area of later potential use. Arotic studies have and are being 

, made, and a Caribbean study- is now undflrl'{ay on joint Long Range Proving 

Ground requirements. 1> * '* On the oentral eastern seaboard wave propaga.-

tion s\;U:li5B in the L-band /!l'S underway in which terrain and weather are 

given particular consideration in order that explanation for anomolies may 

be studied and better understood * * * In the eastern portion of U. s. 

and in Alaska studies are also underway pertaining to transmission time 

for propagation in an atmosphere of varying refractive index with the ob-

o jective ofl (l)improving o~rrent methods of eliciting from a vertical tone

spheric sounding, information concerning oblique sky-wtrIe transmission" 

such as maximum usable frequency I sldp distance, etc.; and (2) to utilize 

oblique incidence relationships in obtaining further information regarding 

electron distribution in the ionosphere I> * if Related to this program 18 

a study- of sky-wave propagation with continuous inoepherio observations at 

~{;;;~~t!!:~'~'*"" 
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the center of the pat.h. An experimental t.ransmission channel has been 

set up wit.h transmitters and receivers Ilymetrically located at equal dis-

tances frola a central iooollpheric labO!'l\tory. The experiments involve 

exalnination of all measux'able eharaohristics of the radio wave as it. 

arrives at the x.-eceiving pol:nt and to check these characteristics against 

the continuous meqsUl'e1Jllents of ionospherio beha.vior at tho main reflection 

point, the me(\surements being made at all reasonable frequenoiee and under 

all SOl'tlS of ionospheric oonditions. Fixed-fre<luency steady-carrier tran€!

missi~~s and fixed-frequency pulse transmissions are provided for ini~1l1y. 

with the possibility of addUionaJ. facilities to be added as the study pro

gresses. j(- * if The largest P!l.l't of the ionospheric prOBram includes the 00-

·operative establishment of sites for measurement of vertical incidence and 

radio abaoI'ption data over a complete ll-year Bolar oyoh in Alaska~ Cana~a, 

Gl·ee.nland and elsewhere throughout the world. In addition to this long-term 

program. a ternpllrary network of five stations haS" been established in· 

Alaska to study operational requirements on a ahort-term basis. This work 

. is to be further supplemented by activity in the lower aUl:'oral regionG for 

the deternunution of the most suitable frequencies ~mich can be employed for 

communications, radar and eountermeaSlll'eS purposes,particularly during at

mospheric disturbances caused by Aurora Borealis. * * I< '.Other studies io-

volYing ionospheric research include, reoording of standard Lorilll siJ!,nals, 

recording of sky-wavm signals, recording of sky-wave signals over long base

lines, ionospheriC polarization experiments, and non-polarization measUI'tl

Inentll. ~t if {f As a oontinuatlon of' rl'lsearoh conducted in 1.946, studies ar8 

being madlt in very long r:tnge radio propagation in whieh the moon :I.s used 

as a renectin8 signal for radar pulees. Sinoe Buch experiments involve 
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the double pa~G!lge of the waves through tho ionoflphere, valuable information 

pertaining to detection, tl'acking and guiding of high:"rlying missiles should . . 
f.ollow. ProllGnt eff.ort' ill mainly toward improving early radar ,teClmiqulls and 

constt'uct.ing A mechanical system capable ot'suPPOl'ting th@ l;'adal' antenna for , ' , . . ' 

8.utomati?ally tracking 'the moon over its orbit in the aky. 

{J) The Sound Spectrum' Studies are underway involving the' propagatiQU 

of. sonic and ultra-sonic sound through t11tlO lower atmollphere and the ground. 

Particular stress is bein!; placed on the attenuation oflluperl3odc aound at low 

temperatures, and as mentioned earlier, at very low frequencies. Further 
I 

mention of work in this field appears in Sections VI and XIII. 

flECTION VIII - RESEAllCIJ IN ELECTRO!f TUllES 

(1) lnt,rod':lct~..sm.' No Il:l.ngl~ field of I>cient1f.ia enc)eavor ocoupies a. 

Il'IOre important position in tho annals of S:l.enal Corps sdent1flc achievement 

than does research related to tUe electron tube. In faot, the history of 

modern commu.n:tcations and radar owe their beginning to, and ahow a new electron, 

tubede~elopment as the starting point for almost' every llubseql1ent ~Jor advance. 

*** BaGlc rSl>earch in electron tubeSlIlUst be thought, of primarily all a stqdy, 
, 

of the behavior of char&ad particles in vacua solid state, or in BOme gas at a 

reduced pressUre. When some particularly interesting behavior 1s observed. 

ingenious minds conceive auen conduct as part of an electr:l.cal circuit set up 

to perforlll a specific function, and a new electron tube is born wken the desired 

physioal conditions are perpetuated in a sealed off glass, metal or cer~m1a 
I 

envelope. Applied resear'chstarts meatly with known 'principles Or existing 
" 

el.ectron tubes with ~ objeotive of improving such tubes, ot' perhaps with nev 

, , pterials or changed geOilletry, producing an entirely new devioe oapable of 
I 

funotions heretofore impollsibllJ. *** The Signal Corpil tlaa an 6xtenaive researoh 

Pl'O{,'I'EIlII 'underw,ay, both in the basic and in ' 



the applied tieJld, of Which the first and portio!l8 of the second will be 

described in the text following. 

(2) Basic Researchl study' is bUng made to measure the. first and 

second secondary electron emi.saion crossover potentials ot thin insulating 

sheets. In this study an eJlectron beam is caused to approach the insulating 

target at velocities corresponding to various potentials. BT measuring the 

potential of the holder of the insulating target, the accelerating potentials 
haY-e been measured " , ' 

ot the primary beamJat Which the secondary emission ratio changes from greater 

than unity to less than unity ~ * * * A theory is being 

developed to account fw the action ot an oxy-hydrogen flame in an intense 

high .frequeney field in 'Which a marked lengthening, broadening, and increase 

in intensity of the flame was observed when the flame was parallel to the 

electric vector. Related effects have also been observed in a tube contain-

ing neon at S8 cm pressure. it * * Experiments are underway to determine the 
o .the during 

order or appearance of spectral lines ana/intensity functicn', xmi..'V~ appear-

anco trom optical excitation produoed by high energy pulses of extremely 

shon duration. It. is hoped thereby to experimentally determine certain 

probabilitT f'aators suggested by Einstein's tra.nsition coefficient.. * * * 
Tritium hydrogen studies will be used in conjunction with trace. work to 

determine where, when and why hydrogen oleans up in tubes suoh as hydrogen 

~i:!=t thyratrons. * * * After the of transistors by the Bell Telephone 

Laboratorte~, the basic experiments were repeateg leading to a more detailed 

picture of the interaction between the emitter and the oollector and of' the 

range of' holes injected from the emitter. Related to this 1s solid state 

research involving particularly germanium to determine! number of electrons 

and their mobiUty as a funotion of temPerature} optical properties of semi

oonductors of the classipal non-degenerate type as the s~a1-conductor is 



made to approach the beha.vior of an insulator; and, response of semi-con

ductors and insulators both in the pl11'est form( as well 1/.8 properly "doped" J) 

as a function of teJl1.perature, down to that of liquid hellum •. t.i. it * Work 

1s continuing on the fine structure of the hydrogen atom employing microwave 

techniques. In this experiment a beam of hydrogen atoms passes through a 

strong magnetic field toward a distant detector with conditions established 

that only atoms lIhich had their el.ectrons in a certain orbit could register 

at the deteotor. A miorowave beam intersects the atomic beam and when the 

energy quanta of' the miorowave beam possesses a particular critical value 

electrons shift from the J:'egistering level to tho non-registering level. 

Thus the quantum of onergy requil'6d to change the oleetron's orbit 1JJIj.y be 

obaerved. In thi!! partioular experiment, energy disorepanoies ocourred 

not explanable by the long-standing Dira41 theory of the hydrogen· atom. and 

as a oOllll8quenoe great~otivity to explain this. discrepency Wat; precipitated 

throughout the world,and microwave techniques wer$ further recognized as a 

powerful tool for atomic physioists. * * *. The use of' microwa.ves as just 

illustrated hlas opened up many new tields for physical. exploration. Research 

1s undfll"Wlly on numerous projects. such aSI the fine and byper1'ine struoture 

or the hydrogen atom; ionized helium fine structure; theory of nuclear effeots 

in ~crowa.ve spectra; reso~e. absorption of' miorowaves by" gaa molecules j 

eleotron polarization and resonance experiments; nuclear resonances at low 

telDperatures; refiection of miorowaves from an electronio space oharge; 

dipole II1Oments; transient disoharge· characteristics and ambipolar diffwiion 

and electron-ion recombination. use. of molecular resonances as precise tiE. 

standards, the Hall and Kerr effects at microwave frequencies, and mAnT others. 

* .. * Muoh activity is underway in the basio field of emiesion studies. 

For example, there is researoh directed to Iltudy the factors Which hnd to 



limit high voltage pulse operation of tubes with oxide ooated cathodee, and 

the factors affecting primary emi8sion from grids in tubes with oxide-coated 

cathodes. There is worle directed toward producing a material, having a 

high secondary emission ratio, capable ot long life when funetioning in 

combination with a hot primary cathode to which it may be exposed. 

Studies are underway to learn more about. the factors which affect and 

limit cold cathode electron tubes operating in pulsed modulator applioations. 

There is activity on both thermionic and seoondary emission 'phenomena with 

the object of developing cathodes superior in electronio emission per unit 

area, life expectancy, .mechanical qualities and efficiency over.those now 

available. In this field surprising results have been obtained with cold 

pure metal cathodes operating in pulsed magnetl'Ons, for it a sll13ll amount 

of thermionio emission is available, experimental. observations have indicated 

that magnetron-t:vp& emission of the order of 1000 timee th" thermionic value 

can be obtained. Another experiment involves an observed phenomenon that 

without heating the cathode of e. magnet.ron, an anode ctU'rent cen be produced 

by feeding low-level RF power into the tu!le While malnta1 01 ng the cyclotron 

magnetic field at a low anode voltage. With SO volts on the anode and RF 

power of the order of microwatt., a microampere of ctU'rent. OWl be obtained 

with a cold cathode. A tentative theoretical explanation has been formulated. 

Another project. includes l'8Search on work function and electrioal conductivity 

of oxide-ooated cathodea, determination of the thermionio-emission and t.he 

field emission properties of single tungsten crystals by photometric methods, . 

determill9.tion of the migration of barium ions in barium oxide oathodes through 

use of tracer technique", and others. 
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(:3) &,m1:\.ed Resear2,l].t Methods of generating microwave . frequencies 

more efficiently, or learning how to generate super-high frequencies in regions 

as yet not possible, constitute one of the major objectives of t.he program 

appearing under the applied researeh heading. While magnetron techniques 

have advanced to where wavelengths of only a few lDillimeters m~ be gener-

at.ed, new approaches ere neeessary,ailleesuch magnetrons involve extrtlJlle1y 

small mechanioal dimensions and are quite limited in power output.. o.ther 

methods under study include investigations of harmonic gnerators, use of 

k.l.ystron theory and techniques and the rather radical approach of UlIing 

charged mercury drops to produce damped oscillations. Along other lines 

is an investigation involving the interchange of energy between electrons 

and electromagnetio waves due to interaction :1.n a tuned eavity as an axial 

electron beam passes through tho cavity on whlch a steady magnetic field ls 

superimposed. The t.hought is that r-f energy may be coupled. into the beam 

at cavity resonance frequency- or tleSODll:~ higher. Another 

possible method of generating millimeter or infrared radiation now under 

investigation i~volves the use of a staggered magnetic field to tropose small 

lateral accelerations on a beam of eleotrons. In the present work a study 

of' several olectron trajectories has been made with the objective of' see

ing if a millimeter or hl'rared generator based on the radiation frcm 

accelerated electrons would be feasible. Yore conventional. work includes 

studies on interdigital magnetrone, inverted magnetrons with cathodes sur

rounding the anode strueture, and others. Along entirely conventional 

Unes for pulsed magnetron, powers have cont.inually been extended upward • 

. Outputs of' 10 ·megawat.ts at 3.babd. for example, have been obtained with 

pulsea 1 mioroseoond in duration and at 80 kilovolts pulse voltage. ~ 

In the field of magnetrons, for oontinuous rather than pulse operation, 



work is underway involving extension of theory and improvsments in tech-

niques oonoerning generation, amplification, and modulation problems C1over-

ing the frequenoy range of 1000 to 30,000 mo. AVerag-e powerl;J as high as 

50 kW have been obtained at 1200 rna. * * * TIle problem of amplifioation, 

a.nd particularly broadband amplieation, at miorowave frequencies i8 now re

oeiving oonsiderable attention. In the field of traveling wave tubes work 

is underway to extend the use and understanding of' the meohanism of' oontin

uous interaction between waves and electrons. Theoretioal and experiment-

al studies as well as complete operating tubes are being constructed in a 

number of experi~nts. Questiotla under oonsideration inolude lowering the 

noise figure, increasing the gain~ extending the povler level. and frequenoy 

of operation, understanding the erfeClts of gaps and C10ncentrated and distri

buted ~oss a1.ong wave carrying structures, development of new forms or cir

ouit. and tubes, compression studies. and eleotron beam production and focuse

ingstudies •. * * it In numerous other categories 0.1' e16<:tron tubes, or direct-

17 related .1'ields. Signal Corps effort represents more ot a combined applied 

research with engineering objectives, and acoordlngly. v.ill not be stressed 

herein. Suoh categories are: mechanioal, ohemical and physical test tech

niques} statistical control techniques; materials and construotion methods; 

receiving tubes; power tubes; gas tubes; microwave e1eCltron tubes, such as 

magnetrons, klystrons, planar typel!. orystal reatiriers, ewi tohing types; 

cathode ~ tubes; phototubesJ storage or roomor" tubes; tubes tor radiolo

gical purposes, ete. 



~llPTIQN~X_!;;, - fl.ES!W1.CH IN fREQtJElPI c...QNTROh 

(1) J;.mroouctionl Approx:lma.tely 70,000,000 Q.uartm crystals were 

.purchased during World War II for use as frequencyatabil1zerst particularly 

for oOllllllunioation purposes. 'ilia world1a supply of natural quartz :lJ.l very 

lJm1ted aIld most of the'l'flW material used in the U. S. must b9 imported. 

This fact, coupled with iooreaa1ngly severe requiremonts on epoctrWl (lon

~orvation$ Buggosting an increaain& rather thnll a decreasing demand for 

frequency atabilil1lation materials .or tecb.n1q1.lOO" places research in this 

field in Q position of considerable importance in the Signal Corps program. 

In addition to ~ases of the World War II type for communications .. the ndcro

WIMl spectrum :lJ.l now continually ~1ng. about new requirements for £requerIDy 

IJtabUizat1on, moat of which are quiteunreallzable with ose1llm.ing crystals. 

Accordingly an entirely new field o£ frequency control requirements is tllllerg-

1ng 1lhare crystal techniques can no longer serve. it * * In the diBauasion 

which tollomJ, the overall subject will be divided broadly intor first, 

that part dealing with the a~hes1a of quam or at poSSible aubatitutesJ 

eecem, fumemantal atudies on the piezoelectrio aotiv1tl' of crystelaJ 

thlrd, at1Xl.ias pertaining to circuity appUeable to precise freqUllney control) 

aIld fourth, new' methoda under investigation whiell hold premise for freqUllney 

·etabilization purposes • 

. (2) §:mtlJes1B m: E;l.emool,gCtr1o CrwtWl,1 Within the past ~'Gar quarta 
-

bas been successfully s~hesized in or:,retal sizes of such magnitude that 

thaN 18 now good reason to look torwaid to synthetic production of useful 

sizes after sealing up preaently used expermsntal procGdures. '/I- * {} The 

technique found successful involves Q~o-thel"!lll. 1 proooa8 util1z1ng the 

temperature gi.ad1ent within an autoclave. In t.hiB process the ilutoolE.e is. 



part.~ f:l.lled with natural quartz scraps, quartz sand, or fused s1lica. 

An aqueous solution of either sodim chloride or sodium. carbonate is added. 

With1ll the autoclave, a. small seed crystal on which the growth w:l.ll. take 

.placo; 18 £:1:lted appropriately. Temperature 18 raiood to approxilnately 

/1)00 Cp which 18 acmawhat above the critical. temperature for wate~, at 

which tSme pressures of lO,OOO - 20,000 per square inch davelop run crystal 

growth starts. For example, one clear spec1lllen wan grown on a seed cut 

pax'alloJ. to a minor rho.llboOOdral face and increased in weight by 16 grams 

or 530% and in thickneas by 9 mm. in 47 d.aya. .It II} '* As a further part of 

titudiea to bring about _ a better understanding of tlw phetlOlllena of quartz 

growth, in dilute allren:lzoo salt DOluUons, the fclJ.alvillg have been conf'iIm-

00. in the I'la el, pH lO solutions, the examination of dilutions to rl/200 . 

. and of charges £rail 45% to (fyf, did not dianloae greater ylelds than N/1tJ 

at.';>% C~r.'ge J the min:lmm ll1llount of fUBOO. lIIi11c& source material to give 

max:imm grOl'lth in 48 hours was determined to be about six t:!mes the weight 

of the seed plateJmore growth ooc1Jl'l'ed with cr18tobalitfl source material 

than with IiI1erocystallirle natUl'al quartz; and several salta analcgous to 

. Na C1 yield growth, thoNa l3t' X'Gaults baing oomparable in amount to fa C1. * * Jl! 

. Plana are now llllAerway for larger growth ty:'l6 of equipnent and a two cham-

ber them 1 - oirculation 8ltoolaveof about 19 liters capacity is in the 
& ' 

process of fabrication. ".".". Another crystal widely known fo'l: 1t13 piezo

electric properties is tolll'lllaline and wh1la sources of thiB material exiat , 
throughout thiS country and elsewhere only Ii small amount mined is of sui'

t1c:l.antly high quality to be su:l.table for frequency oontrol p18zoolectric 

purposes. With selected pianes, fabrication of fundamental mode oanillat1)r 

plates to 400 IlIC have been accCllllpl1Shed. Aceol'tl1l:1g1y work haB 1:00%1 initiated 
, -

to investigate techniques, methods and equipnents for the ayntOOs18 of single . , . , .. 
-- -II)-
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o~tals of substancos ot totmnalina type whioh may be suitable fr:tr controU

~ elements as a substitute tor quarf.3. flethooa emplo:,oed are quite similar 

to those described earlier fOr quartz. Incidently, ~ite recent studies 

have shown that boraeite holds prom:l.ae exceeding, perhaps,. that shown by 

. tounnal1na. Conaideration ls, therefore,. nO\'/' being given, to shifting 

emphasis 1n this parlioular project from to1.ll'maJ.i.ne to 001"001'1:.&. i~ <* <* 

Anothm' portion of the Is;ynthet1ca" program concerns tm grattth of mpm

line which alao appears to Gffer pt'OlIIisa as u p:l.esooJ.eet-::tm· material al

thoUgh information on tbiB subjeot ia not abundant. An objeotivo haS~ there

. fore, been establiahGd to grow s1nele crystals ot aU££icient s:l.l:la so that 

complete BCientti'io ~ta may be obtainsd on thill interesting tlaterlal. * * '* 
other cryatalil mlioh are being grown tor the purpose of obta1n:lng their 

and Ilccordingly . 
piezoeleotric and otbal.' charooter:LsticflraB potential repJac0lll(luta for quartf9 

1nclude alum1m1lll phosphate, allA1lintml arsenate and OO%,()!l phosphate. As in 

ot~ I!~ootie.a, the objective is initiall:v one of obWrd,r.g lares, clear 

'UIl'twirAdl crystals from wh:Loh to.maKe relative comparisons. 

0) ~ Studiru!* Work is 1lIlder way in the htprwament of tech

niques in the VIlF :ranee with the objective of' 0atabliab1ng IIICCUl"ata i':roqueney 

1llOasurament equipnents and tecmiqU"'IJ up to ;;100 VlC" # #.. In the. low fr&-- , 

capable or Wlk1ng wry ooout'ata :Impedance lOO881ll'0mGnts in the 1'raq\1I')ney 

range or 5· kc.. As :related work, 1l'l:\1eat~at1otlS have" end are be:tng~ con

doot8l1 'litt tl!3 (;l;>~cti,!i;I of obt(dlling a new crystal cut mora etablG in fre

quency, end easy to manuf'aot.UX'O" than hareto!or possible. T.heoretical stu

dies of the quartz atrueture have lad to an. approooh through mrl.oh law £re

Q.uem:v cuts mtW'low temperature ooe.t1'icient may be foum. Prellm:!.tl!l.!'Y tes'ts 
I 



ahem 800h cuts to have Il frequenoy tolerance of plM or minus .005% OVal' 
f 

the temperature ral1ge of -400 to 70° C. n ~~ * other studie8 ara underway 

to determine r.Jethods and techniques £01" measuring the circuit propGr~ 

.of hieh .t':requency quartz crya'!',als and to _ interpret these in terr.l:.l of basic 

piezoeleotric theory. From this Iltudy it is expected to develop a r.iearw 

-tor systematic st&1dard1zation of the various types of crystal unitsl alld 

,8 means for the application o£ cirCuit analysis to the peculiar problems 

of the c~tal oscillator wh;i.ch, o.! coursel is a combination of the crystal 

~lIlIdl:t unit and the osoillator circuit. Also related to _ this study 

is research on tho factors w1l10h effect the l'll.te oJ: olWlf.,'O ot equivalent 

reactsnoa of the crystal unit '\'."1th frequency and to inveatigate tnI.l'{;hods and 

techniques tr:>r controlline these chara.o~eristiC81 for cxreuplea temperature 

studies were undertaken on the fundamental modes oJ: contourau AT - cut 

crystals to examine relatiotlahips between teJul)Gxature etability and. deg:t'ee 

oJ: contour. Cylindrical contours on square AT - (Juts ware further explored 

to deteruine if a variatioll of angle between the cyl1ndr~.caL and the crys

talloCl'll.phic rod.s wouldcauae allY approciable chango in overtone aeparation. 

This did not seam to bo the case.. Dust pattern atudie~ of' Y - c>).ts weN 

continued and a begirm1ng made on inves-t:1eating tba inhro'm01UC overtones 

associated with the third harmonic.. The results obtained have clraady 

lead indirectly to a revised doaign tor 1 mc~ 1/211 plated# wire-mounted 

ub1t. The few units made eo far all resonate on their fundsmantal modes. 

However" the resistancos are rather h18h; bat;weon 200 and 300 ohms. Form 

factors for 2.9 me contoured unitu have been calculated.. Measurements 01' 

dynamic capacitance of several contoured 2 and 400 p1atea Beam to :tm1oate 

that, conwary to .flat c;ryatals, tho capacitance increa.ses with decreasing 



frequeooy_ * * * In addition to studies 01' tho type just indicated rtI

BelU'Oh is underway on techniques for rGmOving the phenOlJll;!lnQ which appears 

in many quartz crystala Ull!ier name "twinningfl. Quartz charooter:l.l:lad by 

this defect ahows variations in tho elastic conettmts 01' too lattice struc

t1l1"0 and the pl'esanoa of such strains has iii deleterious e.t'£sct on aO!ll$ of 

the more Wlportant pl'Qpert:tes of the oae:Ulator plate. "* .. ". Very recently . 

experiments have been made on a hi4?;h tGlllperature annealing process which 
imn'ovement in fl'oc\1,cmcy cltublllty, 

appears to otter great ~:tbilltY'1n: :remoVlng·thtF IlEIOElaalt~'i'OrXeteh!nlf 

aaxfl}:.Qlt~,;UeatmentpFot\ll~ iii b1glm> Q.coupled with an apparent free

dom from aging. In e£feett the proCGsa consists only in heating to 61 tem

perature closo to the inversion point tor quartll and then slowly Q.!lnealing. 

Further experimentation and theoretical atOO1ea on the underly:1ng cause tor 

. the observed phenanenon are 001'1 undenfllY_ 

'. -
gatiollS in whicb a crymal., operating on a meohan1eal overtone, coutA<ols the 

i'reqlll!lWy 01' an oscillator c:l.rcuit. '!.'his work 1oo1ud081 investigations 01' 

oircuits in wh1cll no tuning adjustment :tEl required when crystal unite of 

.d11'1'el'Elot nan1nal £requeno1ea are used, and, circuits :!.n which tho operation 

is at frequencies eo high that the crystal units thGlllOOlveo appelU' to be 

capacitive elementst :Lnaluding caseo in which the crystal unit is :Lnaorpor

ated in a bridge oircuit .. and o1r\luits in VI'h1ch the crystal unit is used 89 

a trequency reference and causes error voltages to be developed which Bl'El . 

used to oontrol a .t'roe-nmning osoillator. * * * Another phase oS: th:ta·woX'k 

concerns studies involving I e£.feotive power disaipated w.ithin oscillating 

crystals, ~ltuhil!'8U. effective capacitance acrose Cl'ystalsJ w, 
quality of the crystal and studies of oscillator synchronization. In the 
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latter case the problem is be:l..ng considered in tmro partsl. (1) two os-

cillators operatini: on the same .frequeooYJ (2) one osoillator operating 

on frequencies which are integral multiples of tha cryotal-oontrolled os

oillator .frGquencYJ and~ en one oscillator operating on frequencios which 

are sub-multiples of too cryatal-controlled oscillator .f.'requanoy_ 

(5) N'on=.piezoa1ectrie MetJlOdsl utilization of nmgnetostrictiVe 

matar1ala for frequency control purposes is not new to too art. Rods ot 

800h material, hOmV6l."" are quite limited in trequeooy range and had earlier 

been d:!.lJcarde<i chiefly because of their lmv electrD-iJlGch.an:!.cal efficiency 

and high temparatU1:'0 coefficient of £requenc;y. The combination of certain 
. 

new alloys and resonator d.esii;ns, has reeently", hcmaver, enhl.l.ooed t..1}e pooo1-

b1l1tie.8 ot magnetostrictiva methtx:is timing application. Accordingly,work 

is now urid~ 011 til study imrolving the ut1l1zat1on of thiS pr;1.nc'lple OVel:' 

a trequenoy range of ;JJ kc to .3 lllO, or higher. A 1l1llllbel' of units have 'been . 

fabrioated which shOti' considerable promise. * * '.It BOO8tl1Oa of the ~l;r 

low temperature coot.f:101ent of expansion for 1'used quartz" atud1ea also t.Iro 

being oonduoted in which such material is fabrioated into resonators tor 

.frequency control puI.-poses. A particular lrIvestigation is direoted tawtn'd 

. Wla in the .frGquenoy ~'"6 lxrlNreen 0000 and aSlO mo ••••• stability 

within 1/2 me over a temperature range ot -400 to +61P c. In construotion, 

. the main bodY' ot thG omt;y is ot fuzed quartz, completely lllGt.all.1.zad am 
-then silver plated. Thvat' "36n 18 the alloy emplo~ in thG cOIlStl."OOtion of 

tho tuning elements of the cant;y. Since thG resonating oavity requireS 

evacuation for optmum stabilization" considerable d:U'£1oulty was initiallY' 

exparieooed in securing e. vacU1lIIl seal 'between the quartz body and the irwar 

em plates.. This was acoOlllplishad_ however, and the work is proceeding. :I} * lit 



W,1th the rapid development of the new field of physio. oalled microwave 

llpE1otros'OOPf it has become increasingly apparent that molecular abSol'ption 
, 

phenomena suggests the posa1bilityof application 8.IJ a time I3tward tor 

microoave stabiliZation purposes. FOl'exa'llpJ.e, a strOll8 absorption lill8 

o£ Q!JImOnia existfl at :<0,870 ma which is in the frequency range of radar 

and llt'0poaed radio relay oommunication equipment. In the plan now being 

worked upon~ a microwave bam is passed through a wave guide cell contain

ing ammonia. Error voltages are developed as the transmitted frequenoy 

deviates from the center frequency of the tmunonia aooorption l:l.na. These 

error voltagesI' which are ind:l.cative of deviations £rom Z),870 me" are used 

to change 'hhe oooiJ.1ating frequency of a kl;yatro1jl. which it is desired to 

synchronize with the frequency ot too absorption line., Unfortunately, the 

. frequency d6vil'lt1on which 8f,lr1l'60 to COZTeot the osc:l.llator is sensitive to 
, . Wllile 

the preasUl's and temperature Qf' the ammonia in the controlJ..\l1g cell'; further' 
- some' . 

rase~h may everrb\lally lead to ways of effeotinwreduction. in the uncertain-

ties Il-d caused~.M at this time stabilities possible ~ do not 

exceed that ~{;'85e:~'ll good cr;yata1 stabilized oscillato; beill8 of 

the order of oM part in uP . * *..,.. In the same general field, but far 

more advanced in its research oomplexities"l1es the molecular beam mathod 

of frequenoy oontrol. This method would employ a di.ftercnt physioal approach 

and is independent of temperature and pressure, since the molecules servill8 

tor a reference frequency pass through Ii highly evacuated tube without 

collisions among themselves or with the walls of' the container. 'Such equip

ment, has never yet been constructed,. bacause of oost and comp1eldty. HOW'-' 

ever" ,theoretical studies do 1ndicate that molecular beam time standards 
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could be built and accuraoies of one part in lO:1.2 would not be out Of 

reason •. .such B.CcuraoYJ of oourse" would be far greater than possible 

tOday with the OO8to1' crystal controlled time.standards. In fact, if 

applied as a. timing dev:f..o(f, such a olock could run, without re-ssit:tng, 

for lOOO YI'lara 'With an errore! only a small fraction of one 80(1000. 

§EctIOlI -Z ..; m;§ljtAIlClI IN COMPQNEN'J.'S AND MATERIALS 

(l.) Introduction. The necessity that IllOst military equipment must 

operata 8at:l.sracto~ and reliably over the entire gamut of' cJ..imati(l oond1 ... 

tiona found on this earth.. or in aOllle 1nstanaes beyond.. S.mposes a requiru-

IJIent of perfection Upoll the integral military COlllponentl'l rarely required by 

oommeroial products l1lIiIllut'aotured for temperate zone operation. It is thus 

necessary that the Signal. Corps parUcipate in a research and devolopnant 

program leading to nG\'/' materials and components Ilpeoi.t'ically directed toward 

improving military equipuentBj it being happily reco&niZed~ however,; that 

in many :l.nstances~ and items whioh have civilian interest aleo appear from 

such reaearc4. ;l} '* '1} In general, most of the Wol'k related to component. 

developnen!; involvea an engineering fabrtcat5.on ot: such pie(lf!l"'parta aa a 

, result of new mate:t'illls or techniques separately developed~ and as such 

l'Iill therefor not be straasat'!. in this discussion except where research IDi:l.y 

be involved. - ~.~.,~ -- .. ~ 

(2) MatOf'islR, - Magnetic materials \1ith rectan,."Ular hysteresis che,rao-

1;e1';l.6t108 are being imr6stigated tor numerous power ",!::l cOIlJl1lunication purposes 

mB1 nly because siZe, weight and losses cou:w. be X'Qduced with materials retain

ing esssntial properties coupled with an inherently higher saturation flux 

density. One approach to the problem was through modifying the mngnet10 prop-



el'tlea by anneallng in a magnetic .f1ald. KnOWll ohal'~cterist1cs such as . 

reagnotostriction, crystal olleXTIY, a~ Curie temperatural ind~cated that 
. resroond 

'nlloys with 35 to ~ percent cobalt. bnlance iron, Il1l:l othera, m1eht~ 

to thiil treatment. Anothor phase of the srune problem lnvo1vos 8. I:l.aClletiO 

annealing study of thetel:'nary cobalt - iron - n:tckal s:vsterrf~=~":Df the 

krlOlm excallont response in flPemi1'lvarll 05 cobalt~ 30 iron and 45 nickel) 

and fair responso of oobalt iron (;oI!'O). No connecting lines of' conpoeit:l.on 

. wJ¥f'1:Y:imJd 1n the intermediate oomposition l'a'1gEl •• «'. in tact.'! rather w:l.de 

. areas, of composition occur having extremely poor maenetlc properties" Present 

activity is now directed toward a fla8I'cn £or some quaternary addition through 

which tho apparent heterceenoity Inay 00 suppressed. ** '* Other investigo.

tiona in the saeJe f'ie:Li ~.nelt1do. (1) studies of a " p:rr oem nickel-:iron 

$,lloy in light gauges 'With l'IlOtangular hyste:lhlSiS loop cl1aracteriatics s1mi

w to tM German alloy Permenom 5OOQ...ZJ iiwest1gat1on of light gaw;e or:l.ent":' 

ed silicon steel strips suitable for the matlufaottJJ:'e of'ilOund core trans£orm

era operating at high fltll1: densities and hieh f'req1J.one'.6si e.nl 0)1 studies 

of cobnlt-1l'on a1lo:ya for operating at extremely hieh flUK: densities and 

torther extension of' thE! work in dewloping rectangular h~'Stal"Ol'Jis loops 

ebsraoteriatics m these alloys ** * iJl the baSic research field of 

plastiCS, s~hetio l'Elsins", tle:xibJ.a insulations and insulating o:!.ls won. 
, ' , 

is prooed1ne on a nunbel' of problems including' (1) mechaniCal studies of 

polymerleod ring silicones! (2) tranHi'ol'lllat1on of sll100ne r;Lngs to ChainS, 

(3) prElp&'at1on or. liquid polJllll0r/l! and copolymers incorporating diene mono

merSJ (4) lllOd1f'1cat1on or melamine resins 'With long linear difunctional 
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CllainsJ (5) ohemical modification on intermediates for resina h.avine a 

cOIllpos1t1on and structure belieV\'ld to be inhsl'Glltly arc resistant, (6) 

. sttrly of the ferroc;ynnide oomplexes to learn of any relationship existing . . , 

bat'ween the size of the matsl ion.. 1n tba metal ferrooyanides and the di

olaotrie oonstant of the comp:l~; (7) prepfll'at.1on of porphyrino; (a) I1tOO1 

on the dielectric eoMtant and dissipatioll factor of liquid binary r.d.xturesJ 

(9) studies on the e£i'ect on the dielectl'"lc strerll::th oS:loadin;:: poly&'t;yre~., 

w:t.th Ti!:2J (JD) measlll'emell1;s of d1~lect:,.':l.o constant alid power factor at h:lgh 

£requenc1esJ ell) studios on the ef.feCt oS: high frequency arc dischargas 

. e.croas the surfaclil of organio nuiterialss (:13) studies on cl."azing irrvolv:l.ng 

e.1'.fects of orlentatio~ :rovercibU:l.ty~ growth C>t erIlCY.s, efi'ect ef oontam.

ination with organic materials;! IUld Qth01'SJ (14) study of the:d16010eical , 

properties of po~'Styrene d:\rected tOWtlI-d develolll1ont of nOll-Cl"O.l!ling pol;'/'"' 

$t:9l'sna, (15) study of the impact strSll(,tth of pla3tiou d1r.ected to'Wal.'d 

development of a mechanical electrical plastiC} and others. *~. '* In. a 

lllOI'e applied .field investigations arG also undervtay, to develop plastic mater, 
ials suitable for the caat:l.ng of preciaion optical lenses, prisms, m5&'?ra" , 
etc.f and. a plastic material suitable fol" embedding electrical oOllJ.XlOnenta 

such as RF and loading coils. In the optical phase, nmeroua I'lO!l.t1J1lcra have 

been synthaabed and successfully pol;ymorizad ~ copo~er1zed y.l.eld1.ng 

material for study as opt,ical elements. In tho alectrical embedding phase~ 

studies ot a number of cO!lllle:roia1 and experimental monm.ers were &lade, and 

1t was detomninad that cur:l.ng recolll1Wndations Given by manufacturers ware 

in most cases not applicable to o!l.Gting techniques leading to a requirement, 

for inVestigations on the efi'eet of catalysts. catalyst ccncentmtiop,s, and 

pol;ymer acoela:rators on curing t1me~ internal twporatlll'(I rise .. and physioal 

properties. 
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tor those monomers prepared 1'or electrioal telJ·~ing. JIo"J!(- JIo Another phU. of 

the materials reaol.U'ch program is d:l.racted toward :!Jnprov.1ng axiating osrlllllica, 

particularly toward exp.andil~ the temperatur& and humidity ranges under wh1ch 

thoy retain das:l.rad mechanical and eleotrioal properties I mor$ spao11'ically". 

high tho:rmal conductivity with low loss .. the ability to withatand !laver. 

thermal. Mock .. an:;irJlleremly mo;l.stur&-repellent surfaoe or gl4ll!e of hi/?Jl 

liIleotricalaurface rasiat1vity'When exposed to high humidity or wet ootdi

tiona. and dewl!;.plllent of oeramic bodia. free of eJ.ect:t'cilyt1.o s.ot:t014 Speci ... 

"t,1c Pal-ts of the progl'&lll includel . (1) 'WOrk concentrated on meaflUring the 

thelW.ll oOl1.duotiv.l.ty of the experimentl'll bodies, and developing a vitrliloua 
• 

body coraposed of ]00% BeD with a maximum matu:r:l.ng tamIX>re.turQ of 17:»0 c, 

~~~~~(i§Y'-:or'·:JlD~~BeU=1'~"\.*'litI~ (2) all known 

eeramie (lOlilpositions have been evaluated EDX' thmne.l endurance \'lith type

oompositions found to be (in order of deo:rea.!ling thermal andU:t'Ql1(5) cordi

arite" sl11:1manite, m1rcon, al1ll1l1ua, beryllia, eleo~"i.Qal porcelain IlI14 

steatite. • • • two part:l..oulat' crystalline phases vIDich increased the therm

al endurance of some a~ t;ype - compositions were prepared as ceramic 

bodies and evaluated for thermal enduranoe and phys:l..oal and electriCal, prop

erties I ••• re$ulta ware very unsatisfaotoX'YJ (3) comparative taaUl on 

various base ooatingIJ :from the point of view of freedom trOl!1 electrolytic 

action • • • • best coating foUlld to date ill a glaze consisting of 99% lead 

lIlOnosil1cate and J:£ Cr2<>.3J and (4). in the developnent of daMe cordiertte 

bodies ,bari'lllll. was found to benefit dieleotric propertias and exm a notice

ab~ tl1lJ!ing action in "raw" bodies providing an exoeSS ot 81'2 ••••• 

bari'lllll. pyrophosphate as a oalcine oomponent increased the fluxing action of 

tM calcine, but had littl.!.Il eff'eot on the dielectrio properties of the bodi .. 



fumed • • • • a low expansion ellSJllti)l 'fI'a8 tested as a ~a !or dense 

eord.1.er1te mth results indicating tha.t a mod1.fiod etw.melit18 p:!!'Ocodure 

may be sdepted to gloaa fu·:tng of those 'I.xxl1CllJ. '* * * As a .further part 

of the cEll'&l1.a program. investigat:l.olW have been made to the establishJnenb 

ot methods of quantitative I:l]?aCtrographio ~:l.s of ~aw and processed 

titanium Illt:lde~ alkaline earth titanates and other materials used in the 

manufacture of ceramic bodies. Several methods to accOlllpliah this, includ

ing Driquatt1ng. have boon successfully demonstrated. For muscovite and 

phlogop1te micas two mathods of standard1zati()ll have been established both 

providing means of synthesizing samples of suitab~ range of co;nposition to 

8stabl.:l.ah wrldng curvea. The methOds I.U'fJI (1) ro arc moth04 which prov:!.doo 

the least ayatemat:i.o variat:l.ona,s:l.nce aD¥ variable of Cl"'Jst.al .fern that 

might remain after fusion is Illini.mil;:od; and (2) .. average of tr;!.p1:!.cat.a 

anal;yaes •••• llOWWer', ome a proper Briquetting procodure:ta dweloped 

it should ba suporior in precision and accuracy. ~t '* '* On a quite practical 

wis, investigation,. haVE! alstl boon und0l."WaY' directed toward developing a 
\ 

prOCH.!SS for injeetion molding of steatite, zircon or othel" ceramio insulat-

ors. Some of the present conoluaions of this investigation may be tabulated 

as followsr (1) Ethyl cellulos(i is the best thermoplastio resin tested, 

with butyl stearate baing the moat generally satisfactory plasticizer) (2) a 

careful, slaw bak1Ile schedule :I.e required for suooessful el~minat:!.on of 

auxiliary "binders" and aucCeB:i> is .t'urllier dependent upon the el:1.rn1nation 

of 1nvis:1.ble laminatioll3, weld linodll and inbfJrnsl straina. Such footors 

&.8 injeot:l.on pressure, injGCtion -cylindor temperature, and :Lnjection apood, 

val7 w1th the mate:dal i'ol'lllUlation and dependent plastiCity. Other eon

clU810na .from this appllad research will not be listed booauae tho:.' Q'l.'(;l only 

of apec1al1zod technical interest. '*:* ~, In ,t.he field of sElUl:l.-cOnduetOrB, 
"""'llil!f;. ~,~ ~_ ;'-;.;;"':'!1iri~fl;r.r-

t.~ i"Pm:~·,~~&":h •. · . '" 



reference has already been made in Saction VII to that portion of: the wolt: 

bearing particularly on the .field related to elactron tube applications. 

In ndd1tion to the '\VOlt: re£ercnced, studies arG bOing made to more fully 

lmderstand the function of' the OOrrier la:ger in tho ol'eration of rectitiers. 

Nmnerous experiments hava been carried on with soloniUl1l because of ita im

portaroa in dry disk rectifiers. Measurements were madeo! the impedance 

at variOU$ frequenoies when a amall.J>£ current is supar;tmpoaed on a bias .. 

Results of the rnGusUJ:'ementID indicate that '~he barrier :J..ayer is not an ex

haustion laym' as previously believed. In the S/lill6 field.. studies of the 

activation anergy and time lag phallOlllella have beon made:bl bothexpertmeutaJ. 
InvostiGations underway are being dirE>oted . 

and theoretical. ~ . . . . . toward a study 

ot the surface resistance of selenitn Q$ a 1'un<ltioll o.t' al:6orbad gas; it being 

ex:pected that, such gas v.i.ll 1nflueoo6 the impadaOO6 clwracter1atiQS ot II 

rectifier,sillce the properties of the blUTW layer are strongly dependent 

on surface energy states and werle funtltion.. Selenium :research also 1oo1ud08 

optical absorption of its various modif'icatious, maasurem"nts of v5.scoaity 

end tlla a.t'fect of addition agents on viscosity, :mua %'iItIeareh on tho crysta:J,.. 

llzation propartlas,and electrical studies on the e.1'£eot of addition agents. 

fu.ong more practical lines, the reaults ot research as indicated above have 

been studied speo1tically with the thcue;ht of Y.tilizing new infomatioll in 

improving dry disc :re c~if:tera" pmlcularly in the direction of' hleh temp

erature and humidity oharaoteristics.. other worll: in semi-conductora includes 

atu:iioa of too condUctivity of titanium dirodde as a function of oxygen de

.toot/! te:nparature$ fiold stren£>th and frequency. This investigation comprisos 

oOl'a'llics as wall as single orystals in order to eatablish the intlooOOIJ ot 

grain boundaries on the e1eotrta.iU. properties and will include, study of th4 



ox;yrilltion.-roduetion cyca, conductivity, Hall effect, thEll:'lllCl'-ei'feot and 

parlJllJagl1at:l.am. '* '* * Ilariun titanate is one of the most interesting mater

;Wla under cxtanaivo resOOl.'Ch today bocauae of' its very lll1.usual electro

stnctiv6, pioooelect;r1c and dielectl?1o properties. Raaearch in<:ludea many 
PSll~!¥~llne . . 

studies involving both singla crystal and"'P&J.:;I1G't'~ preparations" the 

lattet>, baing studies both separately and on ceramic shoots. Since it has 
• . .. individu"l. . 
been only recentl.y possible to s;ynthea1Ze ~~ crysttlls 
a :proximately 51?" diameter by 1:-1/411 high and cylindrical in shape, 
:Ill!'i=~tppl'llliJUl:lil.slCZj~ even .t'urlhar aoceleration may be a.xpeoted :in this 

lieJ4 sil1ce many applicatiOns will £ol.low once this material is tully under

stood. Some of the above :tnvastigat10llfJ underway on this material includcllt 

(1) atomic paramatera ot the cryatallattice studied by x-ray methods; (2) 

optical properties studifJd through noting the parallelioot between clw.llges 

produced by temperature variations, AC and 00 t1elda w:1.tll opt1caJ. ardso

tropyas observed with a petrograph:l.e microacop$' (3) par-LlUWlnt and spontan

eous polilr'J.lila'bion aDi llmkhaooen e£.1'ects in single or twinned crystals as 

:rovealod by tha field versoo ehm-ga hysteresis loops .. and the relat:totlShip 

or '/:,hesa efieotlJ to AC snd 00 field varlatioIlS, (4) elactro-mechamcal coup" 

l:I.ng \,11th l'eIJpOOt to pertonnanee of crystala as t:ronsdueersJ (5) factors . 

deterllww.Jgtha opt1nmm touparaturas for nucleation and growth rates Q£ PUl'S 

. barium titana-Ltl,J ;;;Oil (6) J gei1~ eatablishment of theory pertaining to do

ma:l.n stl'U£;twe and U'ansition points. '* ~:. * Another interesting st.udy unde!'

way l:lSl'taillS to the davelop:uent of: ultra-thin films of bariUlil titanate or 

bm'1um atronUum titanate type ceramics}/hich it is hoped will retain tho 

dielectric propart1es of the single c1"~'$tals of these matG.t<Lals. Work is 

progressing witb the objectivG of the ceramic havine as ~avorable a crystal-
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log.raph.1c, orientation as poasible~ fiJm thickneus6a to be !rom one to 

• ons··tsnth microns, and temporatura coefficient of dislectric constant to 

peak at ambient. Y,11Sther objoctives as indicatad can be lUet is not yet 

known. .Other i.l1Vosti{>ations of' interest in tho field of dielectrics in

clude. (1) study of the. ch!ll"llc'~eristics ot- pillita (II. massive microcrystal

line variety of' mu.acovite mica) f01' posSible d;telectric applications; (2) 

stl"1.l.Ctural characteristics of basic lead silicate} (J)relatlon between '~hEl 

oomposition .. crys-tallizl1tion history and phytlioal prOperties of mica) (4) 

th,,? chemical bond in synthetic alumintml phOsph8;~eJ (5) growth of magnetite 

single crystalsJ. alectric and Inagnetic properties Of Fe,,04* (6) electric 

stl'ength measurements of materials against transients of rise times as fast 

as 3 :Ii: 10-10 secondsJ and in generalization, :research on orystal structure 

·and compositional verlations in inorganio matarie.1a as' :wlated to their 

physioal properties, especially dielectric, piezoelectric and eleotrostric· 

tive~ and to correlate such studies with oboorvod phonomena of these lllateri ... 

:ala with Q ,final objectiVe of discovering nw o1ectronio applications. '* it '* 
As a specifio applied research project. which often follows studies 0.1' the 

. type just indicated, the evolution of synthetic mica is of interest" Mioa 

:ts of r;reat ~portance in the .field ot electronics beoause of its high di

electric .. s.:tPel'~h a.'1.d .desirable mechanioal pl'pperties. During the late war· 

~1most every radio or radar eqripment was depandentupon mica in some fo~ 

or other. As a. result of this great demand basic studies were made vmich 

eventually led to small-scale production of mica-like material. Further 

research continued promiain~ and today a pilot produotion plant for syn

thetio mica. is in operation. .* '* '* In the field of luminous materials 

( 



research is primarily directed toward developnwnt 01 ultre.violet - sensitive 

and longer poreia'teooe !aateriala than now available. In this GarJ" caweory 

o£ etfoct.g work on :!.llf:rl.lt'ed sonsit1vI!J phosphors 1.9 alao UlldsX'I'lnY. IrU!:leroUB 

phos}:ilors have boon sj1"thoo:1.ze1 and studied. Too 'i!'Ork baa l"(Jsultod in the 

diacove1.7 oJ: teu rum 1n£Z'a.t\'ld - aenaltive base matar1a.'i.s» tuld while theae 

must bo excited with v~ ahol't ultrMiollrl; l:'adlat:l.ons theil" excenent sta

bility wazw·auta considerable £urthel' l'eJaelU'Ch. As at).()'~hel" pact. oJ: the ,Pl'C'" 

g:t'sin, a sorias of ,paneliJwas l1JOOS up 'l'4:~h vudous phospht)TGaeont pierr:enw 

1noorporatad :l.n four different paint vehicles. Resulw showed tha.t s1.oo -

CadmiUlll auli'ide detOl'ioratod least l"8.j)idly after 12 months interior exposure" 

zina suU'ide rind caloiUlll sulfide were interlllediateg whilG at:'ontium sul!1.de 

was thil leaat durable.. Methacrylate and urea - £or;raldah;yde veM.ckoa gavtll 

paints v;h:t.ch 1."fjtainOO phosphorescent I.J.riahtn6aS battw thJU1 vinyl a.r:d silj.-

. (lono .t'Ol'l1lnlatiOl1s. othe.l:' ~ted '\VOrl>: covers usa of tluoresc!.lnt d~ amI 

matel'l.a.ls :1n a wida:r.'sngo of .fabric tYPOOg V'a."'i01l:J waa:veB and backin;:ll .. ,*;I},a. 

In aonolud:J.ng discUl3sion at.' research on mat'!ll'lAW ~ sev&l:'al miscelaneous 

probleoo '!'d.ll be briat."ly passed OVal'1 (l) investigations on non-col'l'Oalve 

l.i.ghtwaight alloys" iron" and plat1ng aurfacos, leading t~ :i.mIU'OVOO 

mechan1ca.l propertieas (2) investigation of methods for dliWalop1.ne tachniquElS 

1:01' producing m.vrovea m:tcrowsva sur£aces on ltavegcldea and other microwave 

equipnonta; 0) to e.cqu1l'e basic da't$ .fer the developnent of an irnpl"Oved 

type peJ.nt l'ihich will p~vido adequate oott'oaion protection and adheslon 

w1thout the need for primers 01' extensive pretreatment ot aur.fa.ces! (4) 

lmproved solvents for uae :l.n dry batterieD1 elootrolytitl eapucitor ract1fif.lrB~ 

photographio proces.'ilaa and phosphovs .. • • • particularly I:'It low tompel'aturell 

II •• ~ mxl data on the solub1lity~ 't:IJ.IoositYlI IIDd elootl'1cal conductivity 



of inorganic materials dissolved in orgaltlc aolventsJ (5) studies for the 

purpose of developing e. non-corros1ve soldering flux for universal appli

cation. (6) studies leading to tho atandruX!1zat:l.on of surfaoe propartioo 

ot fine particles from the point of view,of 6pQo1£1c absorption aa a tuna

tion o.r partiole 8U1'fao$ area and pre-surface tJ;'eatlllllnt. 

0) CompolWnts. As indioated eulier inthie Seotion. moet of the 

", Signal Corps 'I'IOrk on oomponent!!, as such, appears unde:.t.' development projeots 

an,d tl18rai'o:redoes not tall ~th1n tho aoop9 of tltis writing. Some applied 

research, however, 1a involved in (I. few oomponents of whioh the tollowing 

are :UlUllitrationa. * * * Work 12 unde~ toward the establisllment of 

techniques for deSign and constru.ction of mode filters for waveguide 8jl$

tl'nS. The trend toward higher ~@di&& ~i>lxJ!!.·dbrii' 

~m ...... h'!i8' power lsva18 and higher ,.f'requenoies has resuJ.ted in 

smaller waveguide d:lm.ensiol'llll, higher attenuatiOn, and :tow power handling 

ability when the waveguide is operated. in the lmrnat mode. A solution to 

th:ta problem:l.6 being sought by too USe of a ltigher mode of propagation or 

by the use of " low mode in a guide a12le suitable for higher modes. Either 

01' thelia polJaible solutiollS, utilizing lal'ger guide siZes req,u1.r<f a spooiaJ. 

£Uter, because the pawer aoutee UEI1.1.all;r generates more than one ood(l oapable 

ot propagation through the guide_ Accordingly, thia research 113 directe4 

toward the study of filters applioable to W8.veguidaa with the hopa of over

com1.ng the referenoed problemiJ. lit lit lit Research studies have been :1.n1t1ated. 

on the corona losses in IlF transfomerlJ, this research to be coupled with 

investigationl$ lead;1.ng to tho design of improved. pulae trll.OOformerlJ· lit '* '* 
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p~ly electrochemical or llmhl.l.n1eal. The .first named category :1A1 the 

weUlmown wet or dr:r battery .. 'While the latter represents, tor the most 

part, the conventional motor gonerator 60t* <If <If M(I'~or (;Ooorator eeta 

used during World War II were edapted trom cOi!llOOX'Cial designs and proved 

generally unsatisfactory. The Signal Corps research program 1n this field 

is mostly ot an applied natllre~ integrated and coordinated with the Corps 

of F..ngineere' prl)gt'Bm. Ef£ort is directed toward 1Illprovad eng1.naa q gener

ators of varioUS t;ypell with emphasis on reduction in weight and noiss .. graQ'~ 

Gr' eapendabiJ.itY$ fuel economy, and the abiJ.ity to operate over a wide range, 

of temperature. Work in the field of penrllment magnet genarstora has bElen 

pioneered by the S:l.gnSl COrp3j and such gQOOl'ators arIil now being cous't,ructed 

bllsed)lIt?£aarch lead:tng to the mo/rt. suitable roate:d.eJs &nd theoretical 6tOO105 

pertaining to opt1lllum design teaturGB. Howevero sinco much' of this work is 

of en advance devolor,tnent cnaracter" suoh basic research as is a."}plloable to 

t;his portion o£ the Signal Corl'S pt'Ogl'SIll wi,ll appatar in other Sections wh:l.ch 
, . 

are prov:l.d:l.ng llpoo:taJ.Ued support in the advBll'ement of particular. phases of 

tlw ~ S01.lr'Ce problem .. ;I> * This Section·will theref'ore~ be' COfF 

. ceiifted with electrochemical methods of power generaUoll.ll conoluding with III 

brief diaousl.1ion on thermoeleotric generator reselU'Ch. 

(2) ~hanica11 For man;y mil1tal·y appJ.icat1onli f3Uch as guided 

missiles, radiosonde equipoont" and other vary high rate applications under 

unusual diaoharge conditions", batter:t.es are requ!.red which are eapabhl ot 

vary high d1oohlll'ge rates and which", in addition" will maat stringent re

quirements as to weight" 81£e, operating temperature, activation time, 

ahel.t' II f~ etc. Standard type batttl%'ies are not oapable of meeting these 

BpfJc1alized :requirements. Therefore, research on oow l$lectroch6llica.1 aye-



tens and ways of iruprov:l.ug the performance of to::isting systems has l)een 

undertakon. Among the aystema on which extena1ve phya1ca11! chemical, and 

electrochomical date. have been compiled are the calcium I acid./lead per

ox:l.ds,ll Eine I potD.saium hydroxide I silver parox:!..do, lead I Bulphuric acid I 
lead peroxide, cadmium / potassillJll.hydroxide I nicltel oxide, and the mag

nesium / water / copper chlol.-1de ro;- sUVE.W chloride systems. Work on these 

systems hila included single elec'lit'ode studies as well an teats on actual. 

batte:r:ies to determine dasigns and conatructione giving optimum peri.'ormance 

under all eondi t:t.ol1a. The affect at' BUch i'actol'S as size and design 01' 

pla-~os, i'oxmulat:ton of the activa materials, insulation, method of activation.

compos! tion ot electrolyte" and charge and 'discharge chliIl'Soter.tatics are being 

ctmsidGl'ed. * ~ * vne of the principal research tasks on battery components 

has been rssalllrCll on wanganes6 d:t.oxide. tho depolarize!' used in the Z1aClanche 

battery. Various maneanes6I diOXide samples, 'though cheroieally identical b3" 

etandard methods oJ: ardllya:1.s, do not pe.r£ol'ill equally in batteriea~ PJ;>iol' to 

the start of the Signal Corp.:. progrWl,; the only way of pred:l.cting the per

£o:rua.nca of manganese dioxide was to fabrica.te ceJ.l3 mlJ1 eaoh Sllmpla" Gtore 

then!. £9X' pl."Sdatenriincd p(lr;Lods, and ·l;.l}en diach3l'ga them to detem.ina actual 

capacity che.:racteria'tics~ '.l~la Signal Corps program has taken tJlI'OO lines of 

inVestigationt (1) Ext,ansive elootron microllCopGJI x-l'ay dU'traetion., and 

spectrographic studies haw bean made of SIl!Ilplas ot natural and synthetio 

manganese diox:!..da !:r0lil many 30urces to detem.1ne clliierences in the p.'J.ysieal 

structure ot Vat'i01l6 31l1:lples and to predict the af'i'oo'li of thssa d1f.t'el"aooEls 

on battery par1'or.nanc(~ (2) imrostigat:l.on 1s u.'1derws;T to develop methods of' 

che::rl.cal 1lf' ... ~ysiS 'wh1oh will detect potont.1al differences in thl3 battery 

capacitiea of varioUs a81~1p1e1J or manganese dioxide; and (:3), u:tu.al. cells 
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have bean fabrioated trom various /UllJIplas of manganese dioxictll and sub

jectsdto initial and delayed capacity '~ests as a checlt on physicr.ll and 

ohemioal prediotions ••••• simj1sr work is baing done to obtain a 
. 'of ., 

method .for evaluatiOn' carbon blacks, the aeaond component ot dry cell de-
, 

polariaera * ,*.:If Considerable work also has been done on the clevelop:nent 

of' a ilify oe}ll uSing lIlIlgnesium rather than "100 ru) the} anodio material. Mag

nesiw oans have been f'abrioaWd into test cellS and aubjectoo to an exten

sive testing px~gram considting or initial and delayed capaoityteats ot 

several cell suea at var'ious drains alld temperatures. ~e magnesium anode 

shcWll promise of being superlor to the !!lino anode tor use in dry ceU batter

iGlil both !rOm a pertoIl1l8nCQ and strategic materials point of view '* -it jj. 

l31nce military battm'ies must pertorm. undor all temperature conditions, the 

. Signal Corps has conducted exteneivG investigations into the low-temperllt.1ll."e 

desi{;n and operation of batteries. Experiments have bean made us1na vari

ous electro~ formationa, modifioation ot tho geometrical designt Illodi

£1cll.tlol1l.l of thO physioal am cf>-Gmioal. consmlCtion or battery compolll'lnts to 

detexmine the J.owoot.emperature effects of those vartablea '* * -it !l:xwnaive 

resoarch has been COOOlltlteri on the prepara.tion and evaluation oJ: positive 

and negative sintared plate nickel-cadrdlM electrodes tlBing dit.t'arent WlOuntS 

of ootive lnaterials to evaluilta opt1mw cond1'l;ions for manut'acturlng these 

electrodes" with partio\Uar 6Illf,ila5is on their use at high cunoElnt drll1ns and 

low temperatures. In these studios aintered. plates of varying dimen3iorw 
-

wel'e used. '!heBe plates were ~pregnated Tlith active l1U.\ter1als under vary'-

ing conditions,. such as dillarent preenating solutions. impregnation under 

vaou:um and atlnoalilerio preSSUl'OS" at variOus temperatures" various soaking 

per:todu and dit.t'erant impregnatlon-proooduroa& '!he capacities at these 

! .....w.;.~"''''. ".;;~;;~~~~~. ' .. ~~. 
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varioUIJly prepared electrodes waro determined under dii'ferertl; conditions 

at temperatures varying -lfOO to+27° 0 and with dii't'erant eloctrolytic F0n

eli tiona '* * * In the nickaJl"'Cadmium storage bntterYI domootic Irlckel 

powdera have provan unsatisfactory. fro UllCOVOl' the ;reason for thi:1, n:l.ckl:ll 

pO"I'fdar £rem varioQ!J domestio and foreign sources hgs been irrv<mtieated with 

~spect tiC mierostructural charaeterize.tion by electron und optical micro

scopy, surface energy characteristios, a."ld sensitivity to el(lct.:roll homb/Uu .. 

ment. It is hoped '~h18 vrork will laad to fa satisfaotory nic\cf<11 powder speoi

fication.for nickel oadmium battery application '* '* * Dry cell batteries 

for military use require carbon blacks not presently rw.nui'acturod in th.iS 

country. ReaOw.'Ch is d:!J:'ected tOlTard inyeatiEating aU S'laHable aOU1'Ce'-l 

giving pa..-rtioular attentton to the effects of structural characteristics on 

. the olGQtrical properties of t..1-)a blaoks as used.. A Vl.U.'10ty of cBl:'bon blacks 

. ha- s been investigated with :respect ·to. (1) Cl'"fsta1.11na st!'\lcture character

istics by means of' x-ray and electron diff:t'tlCtionJ (2) m1.cl:'oatrncture, parti

cle size and ata-i;e of I!!Egl'Oeat1on by electron tlnd optical microscopy a..'1d 

other physical chemical b1.ethodl-'.j (:3) relation of t:'JP!l ot i3Q1l.iloa l'laterial to 

microstruoture and crystal structureJ and (4h relation oi' method or wmu

£e.ct1.l%'l!l to physical cliaraeteristies.. Sevaral types tasted ahow promise as 

being a suitable ma.'1ufactl1ring material <11-"*"* The electrochOOlicaJ. reacti",", 

ttY' and stab111 ty of l'Utrlg8l1t!!SG dioxide usod in dry c(:)ll baUerlea vl.U.'1es 6i.,

n1.t"lCantly!"rOll! 000 ore deposit to tlnother 01' with its method of'~theaif.l •. 

At. present the United States in dop'ndant upon a single foreign deposit tor 

manganese dioxtdo IlU:ttable tor mill:ta..''Y dry- battex-ies. Complete ruJa~aa 

of n lnrgo number of domest:tc. f'orei,[,'11" and syntha-bW sanplas have bellm llU'Ido. 

A 1l'.rBG nlJr.lhor of mBll(!anaee o;rec!eposita have been characterized by ·bhair 

•• " J 



on the Ol,'yatalloe;raph:lc microatruotural and chemical charaoter;tstico of. 

mal1c,alla$e diaK:tde have bosn cletarmirwd :fot' Il. llirge number 0:1: synthetic 

sECuples. Maneallasa dioxids with desirable dlj' battol'Y characteristics has 
, . 

been prepared by the therrM1l deoomposition ot vlauganase carbonato .j, * * 
*:1.0 investigations on electrochan:tcal oomb:tnatio!lB for both prilnary and 

sooondary cell types are underway dU"Gcted toward. the davelopnont of 11 
" 

prirnary battery !!lOre sui table for mill tary application~ inclUl.!1ng. 8 uch 

1'eatul;'ea as longel" operating life, lS.ghtor weigh'h, greater B11p0rtl-hour 

capad.ty" longer storage life and :i.mproved low temperatura operating chaa

acteriatics.. ThitJ :research includes alactrochanical combinations which aro 

:reversible and theraf;;l.!:'6 applicable to storage batteries. 'l.'he :Cerric chlol'ida 

and llquid sulphur di.oxide ayatema appearpmi.cularJ..y promising at this time 

'* il- j} In othel' investigations particular attention is baing givan to the 

problem of low temperature operation for both :pl':lmary an.d secondary ba.t,~eriaa 

Wj;!ill an object.lve of satisfactory opera'Gion down to -600 C. Spec:Uic prob

lema being studied in ona phase ot this investiGat:l.on include: (1) I'ola.'"'i

Illation of zinC am mercuric oxide eloctrodea in the riM electrol;yt,GJ (2) 

storage tests o! the Zn/I2 cellI (3) celJ.<.J of the type Zn/Eut llCl plUlil 

NaGr04!1.1n0;2j and (4) .. ph;ya:tcal properties oJ; solvent ... electrolyte systema. 

Anotb.er invastigation is direct.ed toward the dooign of a dIy (Jell '7hiOO will 

operatEl at _54° C and which willgiva at that temperature at least ':fJ% of '1;110 

capacity delivered by a standa::'d dry cell at .210 C ll.'1dar the same discharge 

conditio!lB '* '* '* In the field of special purpose stoT<lgG batteries. in-

vestigations are under way with thO objective of' finding an electrochemical 

8yatem~ other than the lead - ~ciq. oapable ot: high rate discharge capacities 

at tet'!ptU"aturoa ranging .t'rom :"55~'to .' . 
. . ':;~~~"F'~.",,, i,;,.+70~, C. Enemu-aGing reaults are appe8l'-

t'F!..~~~"ttot?~~~-~~ __ .__ . 
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ing with a pllo-tJ'p9 of constructiOll tWillg magneei1Jl)) allo OUprOM ~lllol'idG. 

Such to battery appears particularly prorl1isine .for meteorological. upper at

f.losphcl'G pl'Oblnc, which applioAtion imposes a most strlneen'~ rcqui:re.r.lGnt 

on tho )".ttal';i.e5 ueod fit- '* * Another investigation rGcClivitlg cOl1aiderabla 

sup,-Jort is directed tcwaJ.'d t.~e devalop:a,mto:t tocluililuolJ whereby flagoesiw 

rallY ):0 1,;.s!!ld ill place of l,\ino .for the anodic material in dry call b,att0ries~ 

Sl,clC1.f'iCl phases oi'!;''le invewtij;a(;ion include studielJ om (1) e~otroche.u-

1.caJ. ProparM.03 6i' ttaCl1eoium 'I1it.h reference to dry cell COl1lJtruotlOll; (2) 

COl'!'Ollio:l of F..agil11Sitm whell used a!l the anodio L1ateJ.'1al in dry cellsJ and 

(:3)~ 'til0C;1,,:tOO of r";ction '(;ak:l.rll.; pluco ill collG cOnstruc'tGd'i, with m~.,nea:l.UIA 

ann(' as. 'J.'h10 work is ;y1aldi~!4l1'Y prOlllis in., roouJ.ts iI1 that the tJagnesillll dry 

coll ,,'Jeri/:'! indication 0.1: having twioe thentt hour oapaci ty oJ: the equ:J.v

ale:1'o ~iz(":l zinc calle Added .flllirtUl"GIl are that lllagnea1m is avai.1.able in 

erc:>.t ab~J;:lClanca, und that the same machinery can bEl used £oz' the manufacture 

<, 

t:) 1il?lTwoloatJ;:i,£; For liiany military applications thw:moelectr;l..o 

gO!lcratm:s would be ideal we:ra it poaalble to increase the e.tficiency of 

l'ltiO:1~ CCl::W usa availablfJ l'ualz.t and in. cold weather use coulri be made as a 

come·inn r.io:l. hastor and power sup-ply. Basio reaea:rch~ thero.l.'ore, is underway 

fo!" t'J9 purpose of j;nprcv1ni; the uooe:rstand:l.ng of thennoalscu'io proper!;les 

of matC!'iru.s, :J.:W to): developinJ Il. thor'.;J.ooQupla of ilnprovad efficiat1cy for 

use 1.'1 ther.:1oaloc'i1':l.c eeno:rutors. III th1fJ wor):, thl3Ol'S'tioal GX:piroilsio!lS for 

obtl\it1i1l.'~ ~'aY..m.ll):l efficial1CY ware sot '.1p and baaoo on thia atudy 8. gl'O'Up of 
..L . 

the )~Ollt pro~io:t!1<; materlaw ware o\)looted for uxpel':lIucntalpurp05Q~, such 

as carbon, Rillcon; gollimn" gC!\1\!lni1.lm, al'senic, aelonium, tin" tlnU.r:.ony" 



tellurium, iodine, bismuth and polonium. On materials selected .t"rom tbie 

list, studies have been conducted on trace impurities. Pmicu~ atten

tion W.al!l first paid to gennan:l.uu I1nd germanium - rnosphoX'Ouaalloya which, 

on a theoretical basis, seemed ideal for use :l.n thermoeleotrio generators. 

l'4l:Ue the theory proved acourate £01' small sll!IJples tested over a nar.t'w 

1'al1g1i1 of temperatures, it was not accurate when applied to large aanplm'l 

. and large temperature gradientS present 1n thennoelactrio genera.tor appli

cations. Germanium, therefore, 'I'1E!S abandoned.. Wom is !1Oi'I' b$1ng d:l..reoted~ 

partioular).yJ to attempt to obtain a mora favorable ra'tio of thel"lllal con

dUctivity to elootrical conductivity in VorlOU13 tlmi';i~\m~li&,1l1¥7~ftifi!6 

altering the );hysical structure of the mJQ.tGl'1a:J, For GXalllpla, init:l.al tests 

on bismuth 1nd:i.cI\;e tha'll comproeaed powdemi haa about. 65% oE the th~ 

. and 00'% of the oloct:r1cal colXiuct1vity of solid b1.Smuth * * * RelateGI in

vestigations aleC! 1noludo a search for a fluid with good hen.t ~.r€W proP"

erties wh1en 'Will withstand temparature3 of epprClX1mately 5;0°0. Alaoll 

attempts have been made to develop a s:l..ne-constan:t;1n thermocouple with 1m- \ 
.. ~ 

proved oharacwristios as to breakage £rom the brittle ooture of the mater- \ 

!al, oxidation at the oot junction" and migration of the !;liM. \ 

i 



SE9'1'J.QN UJ;- W..sEPJl,P.l! ON m07:gJRAr4I 

(1) Introduction. /J.$ herein applied .. photographY' is 1nteooed to 

OOVGr all aspects of taldng a."!d projecting still and' motion pictures, :tn

eluding cameras and projectcrs, lighting units~ flash equi);lltGnt, expOSUl'lll 

m@t~·s and general accessories, 8S woll aa etilargersl.and devalop:tne, print

ing and procGl3sing aqp.ipnenil.. Pr1mary rasponaibil1ty for all research and 

davelopnent in photograj:ilY £01' thaJUmy, with the exception of photttllGcMni

cal (printing) procQSses'and mapping,. 18 al3s:tenad to the Chief S:tgnal Qf'ficer. 

In the d1soUflsion \1hich £oJ.l.ows too above field will be ll.m1ted to research 

UlJderws.v in the fields ot photQphyaicll and photochemistry.. includine emtll

mons" aenaitizatiorl.ll film bases, p.J."Ooasaing eompottt1ds; lieht sensitive 

Ill!lte~ala, phosp.'tors, optics of lenses and l:l1m'lrs~ photoconduct:tv1ty, optical. 

compensation, 1nte~ttants" camera control,!t interlocks" lens-:rI.1l'lgafindar 

ooupling .. ate. 

(2) fbotOp,11im?cJtt Typical. of the problems catt'ieci UDder the subject 

of' photorbys1cs are. (1) l:rtudiao of factors af':f'eoting lens-film resolving 

power" (2) studios of factors involved in the design of ~Ol' oblique 

refleoting systems; (3) investigation into the problera of image motion 

compenaation with a rotating ptiBmJ (4) studies 010 the Zeiss lena oollect:l.otlJ 

(!i) stud:tOll of elootro-v1scous intermittent movan.ent aB requ,irOO for motion 

picture projection eqripmentJ and (6)# some types of non-cor!Ventional Pl0to

grspllY .... * As part of (6) sbavet electro statio olectrograIb::r is now :re

ceiving considerable res€lU'Ch effort. The basic physical concept oenters 

around use of Illateriw having high 1nsulatigIJ properties in darkness which 

chonge to conductiva upon exPOSUl'0 to l:tght, that is, photo-conductors. 

Such a matertal. in thin allaet torm" if electr:tcally charged under conditions 
·It;1~J~~H:2~ _~>tW~ _ 
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of darkneafl wUJ., if'exposed to an illuminated lJubject through /I. convention$.l 

optical fly:stem, assume a surface oharge dial,rlbution correll,Ponding to the 

incident l1~ht pattern if tho photoconductive ohooti8 backod by' e. conciuoting' 

plato so tho oleotrical charges in 'the Uluminuted areas may be drawn away 

during the per~od of illumination whon the exposed regions become conductivo. 

Tho latent illlage thus acquired may be developed by several methOds. 'The entire 

proc:O!lS is termad eleotrography. Based on results obtained, to datil, it. appears 

that (lIventual aohiovemont may lead tOI (1) 20-39 lines pOI' millimeter in 

permanont dFI prints with high-quality continuous tone repl'oduotioD) (2)' 
. - • • '. " .. I 

'axpOSlll'e speeds equivalent to ASA 64 (daylight) with a: spectral. l'\lSpOns~ eqtdva

lent to panchromatic film and extending to. tho far infrared) (3) 'retention 

of aenaitivity for a period of 12 houl'a or 1II0te with initial. photoconcluctive 

materiels, whUo pNsont indica-tions with CdS and ZnS su;;gest fflr greater 

ret(lntion with erasure only by infrared radiation} (4) uniformity of plates 

or films') (5) aensiti2ation, development nnd. printing pl."oceduren which 1Ir@ 

,simple'and easily operable; end (6) satisfactory operation over ~xtreme h\unidities 

lmd high temperature ranges. Moat of, the obJectivell listed are today not rcal-

bable and, aacordingly, constitute the goals of an extensive applied researoh 

program on the' more important pb.asea, for example I (1) the pI'epal'D,tion ot 

'eleotx'Ographic plates, exp6rime~ting with many types of materials, through 

dEltailed study of thElir vaH.ous optical and physical charaoteristiosJ (2) 

sensitization and printing techniqUes, (3) increasing plate speed and cpectral 

senBltivity~ particularly in the region of longer wavelengthi'll (4) synthesill 

of photoconductive oompouncts to detormine their'phyaical constants' and optical,' 

propE)rties with particular referenCE) to materials oonta.1nin~~ highly condensed 

ring structures \lliVin~ extended oonjugated,systemsl and lastly (5) the general, 

problem of theoretical stUdios of var10us pl;l]klical and chemical processes whioh 
may l'esult in shortening or eliminating the nece~sity of so~ewhllt empirical 

approaches now being takon on certain phaass of the' work. 

, . 



(.3) PhotQchc!lliQa~. The problem (If removing oontaminants in 'photographio 

wash water has bean ·tmaar atu.dy. for some timE). T.lle best solution· found :;0 fal' 
• 

irivolvesan ion eJtchange process for th" selectivE) removal of specifio . . . 

I . . -' 

interfering ions r"sultins ttwreby in the rejuvenation of Pl'ocepsingf3oltltions. 

In thia process demineralization studies on photOl{raphic wash water Were 
. . 

made at rapid rates of reoycling.throngh a model system,and it was found that 
, . 

thiosulfuric acid Viall taken up as such, and I1Uver in :\:ohe complex anionic i"0l'll! • 

. Little decomposition of thiosulfate was fotmd to occur. It has also been 

established tl1at the reain acid bed employed could be regenerat~d successfully, 

and pro sent indications. are that thia is also tru~ of the a,nion bed. Applied 
. . 

research in this field has advanced to where the utilization ot tlie process 

,appears definitely within reason, and offort is now prilill!rily directed toward. 

synthesizing the best possible material for selective removal' ot' tho 

'Undesirable ions. iHH!' In the fleld of color film, research has continued 

directly toward reducing the tillle re'l.uired for processing. Som~ of the 1.nves-

tigations underway arel (1) study'of the possible application of spray 

prot;lessing techni'iues at elevated temperatures; (2) investigation of the use 

of sodium arsenite as a posslble substitute in the l'resent use of either 

13ulfi t9 or bisulfite ions; (3) s.tud1es of the ch9111i6t1'Y involved in the 
, .o'. • . 0 \ 
development procesa at temperatures as low as 20 C. *** Research is being 

directed toward 1ncreasing the 'light 'sensit1vity of diazo type substances, 

with the hope that the' light sensitivity and continuous tone reproduction of 

presently known silver halide emulsionB can be approached. TMI military 

objective of' this l'esearch is to evolve a light-sensitive material, which 

after EPtposure, may be developed by dry or ganeous means, 1t 

, 



being known, for example, that diazo materiale are developed byaxpoSUl'G 

to ammonia vapor. Accordingly, the photodecomposition of diazon:l.UlII. com

pounds are being etudied to determine the quantUlil. effioienoy of such mater

ials and to ascertain whether or not a sufficiently high effioiency is 

possible to achieve t.he desired objeotive '* '* '* Studies are underway to

wards evolving an accl.im.atized silver halide .t'ilm having properties sui table 

tor ~rotic. as well as tropical regiollll. ~e problem is essentially one of 

finding a toolpere:hure stable film base and oiapplying the proper suitably 

treat~ I'Q"!.:Or halide emulsion to suoh a base giving a mutually compatible 

material for 1188 in the· toolparature range of -5':,0 to +600 C. V.ajor effort 

in tIllS field is being concentrated on film baae devclopnent beginning 

with cellulosics# and on their high molaoular weight .i'raotiollll. 'Ihis work 

will later be axtend('ld to other possible poljllneI's. At'this time U appears 

pranising that a suitable .fiJm base can eventually be synthesized by the 
of 

proper choioe and balanoing of ,the ef.foots/ substituent ethel' and ester groups 

on the cellulose molecule "*~.... Investigatiolls of means for expediting 

the processing of blaCk and white fiJm is under study with the most promis

ing resu:l:~ appearing through usa of high temperature, high energy deveJ.,.. 
• 

opers. lionobaths oonsisting of: a cOl1lbined deVeloper and fixer have been 

studied for application in processing of films and prints. The effect of 

wetting agents upon the liJ.en:,itomatric characteristics of black and 'White 

film have been investigat;:ti, :ren second developnent of bJ,ack and white 

film has been found practical through the use of high temperature, high 

$Ilergy developers. Further research involving the use of tIle monobaths 

and wetting agents is underway '*"*"* InvestigatiOns have been started 

directly toward the development of. aensitOmetr;\.o procedures su;\.table for 

the evaluation of varioUfll~~l,otographio lllIJ,t(lrials and procsss<ls. 

. 1;':~;;t6i;~,l;~·~W''''' 
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the initial phasos of th:ts VlOr\t the soope ot th:l.s effort has been J.:I.mitoo to 

time-so ale studios of black B.nd white t11m and paper 1lI-" of . In the field 

of iufrared photography. research is uude1'l'faY to improve or discover new 

phosphors potentially suit.able for such titilil'-ai,ion. Work underway includes 

investigations o:rt stimulation type phosphors, such as copper-lead activated 

zinc sulfidesJ effects of activator concentration, impuriUes~ and additions 

of selanide and cadmium in quenching type phosphors Queh as tho class of 

copper-cobalt acti vatad zllia sulfide;. and increasing :i.n£rared sensitivity 
, 

by sub'ltltution of cobalt by iron or nickel or other transition elament-a. 

• 



~mC1.'IotJ Y.II1. - P,ISCElJ>f,1;;ous StmJECl'S 

(1) fu.\!.liation Physics I 7he Signal Corps has recently OOSIl assigned 

certain Depal'tment of thE! Army rasponsibilities it1 the develop.'1IDnt of in

strtunents for radiological dotection purposes. Accordingly, instrunents 

are baing .designed for the (Went of' conflictll should it involve use of nu

cleax' enerGY or a"~tendant b;y-produ.cts •. The rasoarch aspects of' th:l.s pro

gram are directed towar-d providing basic physical data nElCElllsary to ascer

tain new and :improved methods or teohniquoo for indicating the presence of 

nuclear diSinteGration produots such as alpU.I particles, beta pllrUcles, 

neutrons and gromna rai/"' •. A fr:wr resea:rch p..-ojects now undel'l'J"ay are bJ:"le.fly 

disc.lUssod bolow <if *~} A recent addition to the field of radioloeical de

teotion instruments is built around certain crystals which emit lig,.'lt scin-

. tillations upon stoppage of a nuclear disinteeration product. When such 

IDlltoriala aro transparont to their own resons.;:ce rad;l.ation , an" effectivo 

radiological deteotor can be oonstructed by placing the cry.'ltlll in a light

proof' cell in front of iii ploto-.nult:l.plier tuba whioh responds to eaoh indi

vidual scintll.l.ation cauBed by oollision. The limiting factor in the sensi-

. tivity of such a device is noise generated within the photomul1;1plier cir

ouity_. Recent work has resulted in III plan for greatly redUCing such undasir

ablelOfi~e·Sy.'ltClll d(Wised involves !l. ~lingle sti1bana crystal which serves as 

the SOUl'CO of sointillations. Surrounding this crystal are thz'ee individual 

photomultipliersg each vlith its OVl11 amplification system. The output of one 

photomultiplier is connected to tJ.le horizontal plates of a cathode ray tuba, 

QnotJ.ler to the vertical plates. and the third serves to modulate the intensi

ty grid of the tube. Thus a Single cOUll'1; produces a bright line extend:tne 

between the horizontal and the vex-tical axis. llimdolll noise affects each 



puJ.se on one or boUl of: the other counters 1s very small. ~'or example, 

whal'e a single photomultiplier ceU miGht show noise coUnts as 111[')1 as 

!l)OO por second, the combination of three such cella and tho' requirernent 

for simuJ:tanaity reduces 'I..ha sal:le noise count to Ollil crvery four seconds •••• 
, . 

with of course, a corresponding greatly improved sensitivity of response to 

scintilla't10ns which occurs simultaneously on each of the three photoelectric 

pickup. Work in this field is continuing. <!t,O» <ll- llelated to the above, a: 

number of materials are being investigated for purposes of deterrxLt1ing op

timum ccnditions for instrument development. Excellent' naphthalene crystals 

have already beon synthesized. The projected prograln includes work on Q.tr-.' 

thraccno. sodium 1od:1.de9 potassium iodide. zinc su1fide~ and other. In the, 

search for materials which will give the greatest signill-tol1Oisa ratio for' 

.the counting of gaJlIma raYSt factor'S as follClim are being investigated I study' 

. of crystal growth; investigation of the existence of' a counting plateau~ de--: 

pendence 01' the Signal on the siza and the shapes of the crystall)lJ dependence 

of the signal on crJlstal structure, illlpur1ties Ilnd strains; temperaturs de

pend.ence of signal and nOise) photomultiplier deSign Hnd color l11a,tching in 

the case of the sclntlUatioll counterJ circuit designs for amplifiers. scalars, 

etcl and investigation of the rasolvins times of the counters. 

(2) ~lmdl Theoretical and experimental investigations are undel"l'lay 

directed toward develop1ne magnetic record~.ng teclmiquea to the hiehest 

possible frequency. Recorders of this type are required in connection with 

studies on shoclt and vibration. and for panormlic :receivCll'J and other appll-

cation.a in which it is desired to atore or delay transient electrical signam 

for crvantual undeatorted presentation by optical or aural means. li"requency 



netostr1ctiv6 superaonic· generator operatin.g at 100 ko haa b(len· doaigned' 

.. lll1d constructed in conneotion with sureroon:!.c pulas refl<?ction equipment 

studies. *** Other work in thia field is oentered about condenser ·tn's 

flupeI'nonio tr'.ilwducerop and units have been l'rollui.:ecl· which have x'datively 

flat response up to about 100 lee. Vary l3lllali trWlsducers (about l/16n 

. oube) usinG bariUlll ti tallate have been construotfi\d and preliminary tests of 

the first. units indicate e. sQuaitivity abou~ 20 db, lower than previously 
, 

used crystal un1tn. It is Elxpect"d that thosa bariUlll t:l.tanatiIJ tranSd\lCers 
. . 

will prove exo .. edingly Valuable in probing very-higb frequen<.'Y sound fieldll. 

In the same field, worlt: OIl absorption of supersonic WaVos in air at 10\'11 

temperature is continuing. 

(:~) In£rl\r!l.>1&· Work if> underway in the ~osign. Ill1d construction of' to. 

solar spectrog:l'apb for the purpose of iuveetigating tho· vQry-:far iu1'raroo. . 

region of the solar 'spe ctrUl\\ up to· !lu(l including ultra-high radio i'roquen

ciea. Thls work is of, partioular interest in that thlo investigation will 

tend to bridge the ·gap between that portion of the apectrum f}enetated by 

irl()oherent rad1atlon from a heated l:ody as compared to coherent radiation 

generated by. miCroWliVEl.osoiUatora auoh as ma!,;netrOlls, lclYfltronm, ate. 

(4) Radiatil1ll SystomfH V/nen(iVer elf,ctromagnetic energy is to b1! 
. 

tl~anl.lmitt"d through free I.l~.ce, requirell.enta exiatfor' terminal equipment 

'. through Which to initiate radiation, and later to intorcept aueh radiation 

after passage· through apace. Since military inteNl.lt in the electl'omagnetio 
- . 

. , spectrUlll includes wavelengths ranging in 1en&th fraa in oxceSB (If 1000 . . . 
Il"ters down to a f.'$W m:l.ll1meters, :I. t ia apparent. that a. moat diverse field 

.for researah exiate under the general·terminology of "radiating systems.u 

However, some of the Signal Corps researoh in this £i~ld is so closely 
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related to specific end items that l.IIlY discussions thereof would necessarily 

require that the end item itself servo as the point of departure to ade-

. quately E>l.:plain thEl~erminal aquipments involved. In part. such discuse.1otl.S 

appeal> elsewhere in this writing, Other portionD of research in the fiel.d 

of radiating 5ystems nre of such a basic naturG that ·reslIlta are applicable 

to many particular eqllipments under deveiopment, or only yet being cObtem

plated. In the brief summary which folloll's, c<!)~tain problema 1111lstrativQ 

of the latter ca.tegory will be mentioned. iHf* A model system is being 
. . 

construo.ted associated with an artificial earth with the objective of being 

able to study and predict performance of I t.'1rOllgh 1lI:I6 of microwaves, pheno-

Illana to be expected from fuD. 'Ilcale devices under engineering design. As a 

related part of this program, and for free-apace prediotions, an automatic 

pattern-llleB.BUdllg devico operatm!; in the microwave range, is alBO being 
. . . 

tI",t' up for determining field pattel'usof antenl1.a(I and arrays. *** A basic 

atudy is unde,rway with the obje,ctive of devising woans of modifying metallio 

f.ll,trfacee so as to oaUBe thel!.! to radiate a beam of energy whose shape can be 
, 

controlled; The surface may be excited by slots or by a horn directing , 
enargy; tant,ential to the surface. One such means of controlling this energy 

would be a series of ridges or corrugations on the ~matal surface and, in 

fact, has been 1lI:Ied in the paet to guide electromagnetic energy across Ii 

metallic aurface"batweon two point:!. It is proposed in this research to 
, 

extend this principle still further in order to direct the radiation into 

outer epilOG. *** AnothGr related investigation involves studies of varioUS 

typea of metallic delay lenses for sr.tennarl in which the phsr,e velocity of 

the RF anerQ' is decreased rather than increased as in earlier types of 

metallio'lena antennas. The pl'oposed type will retain the light-weight 

'Il 
J 

i 



advantu!;e and 1n' addition, appears to not lie ,M frs'quency sensitive over' 

wide ,ranges of fl'equency. iHHI- Another study 1nvolv03 :!.nv<:;nt1gatiolln of the 

oharacteristics of ant",nnaa placed in a <113511'$otiv$ medium. This at--.tdy 

1ncludaal (1). The propagation of electromagnetic wavell acrOBs' the boundary 

of two media. om, of which ill dissipative) (~) Radiation frolll au' idQa). 

dipole; (.3) Extension of the integral <!lquB.tion method to cylindrical 

antennas Flaced in a dirislpu the Ill",diumj and (4) Analysis of insulated 

radiatin,: aYlltellla bas'ad on biconiaal ant~rma theory. '*** ' A study is under

way involving ante~a l4eaSlU'Elm£mtll on two-wire linea wi til. objectivel! toi 

(1) Make iIJlpedance lMlllSUrementl1lo! -Ilymmetrical anten~aa when driven by 

various wf).J'sJ (2) Invt1atigat.e difficulties involved in the uae of open-. . 
wire linea for impedance measurements; and (3) Invedtigate self / and 

mutual iIJlpedallces of coupled. antennas. ***, Other basic' atudie~ in the 

field of radiation syatems include I ,(1) lmpedanc~ measurements on a 

reoeiving antenna; (2), The apherically oapped oOl'licu antenna, I (.3) 

lAeasurem,mta on an open-wi).'.; image-plane liM; (4) Cyl1ndricat antenna and 

_other loads center-driven from tNo:-wire oven line; (5) Graphical 

representation of tbe characteristics of cylindrical antennaa;' (6) radiation 
, 

'from two-wir ... lines and certain types of' antennas over conductini~ pllmesJ 

('7) lnvestigatlon of gal' effect~ for antennas drivEin by ce>ax.i.al lines} 

ar.d (8) The tb&ory of coupl<ll'\ aut,mnlJ.!I. 

(5) Low-Tempel'atul'§ Physiolla The study of. low-temperature phenomena. 

constitutes. on ... ' of the ,moot fertile fields for researcn today. 'Little is 

known of the beluiv1ol' of matter as tr;erIllB,J. !!lotion, alway a present at nOrlJlal. 

tempera.tures,ia reduced by lowering the temperature toward ab~lolute zero. 

Vlork in th19 field is now giving broader conceptionB of th-e real moaning' 



, 

. of statistioally derived entl.tiws such as heet, entropy and t ernperatllrEiB. 
, . 

Strange appll.cationa will. undoubtedly spring forth IlS new·disco;rerj.<;,s are' 

~de" ,It is elI'()ady known. that nt oxt.remely low temperatures, matt.er 

exhibits novel responses to the stimu~i of electrioity, mabnetis~ and heat. 

~lom.'ll materia.ls become superconductors. others scrcen again~t· I!lllgnetl.snl, 

st.iJ~ others show propaga:tion of a neI( form of wave motion, while one fom 

of helium appears as a fourth Ilt.l.1.te of 'matter not. baing definable as 

ai.thill.'· a Bolld; liquid or gall. Tbe8igllal C01'PS progra.m includes a number' 

of project!, delving, into the low-tEll!lpor&ture frontier. **I, ,,'f~l~re is work. 

underVle,y in sem:i-con,iuctor:s such as german.ium which eV@ll at room tom:peratura 

show m;rsteriou5 e.nd little understood propertil)s, as eXE<mpllfied by the 

t.ransistor, which 8~though· ool.ng a solid, pOfJseSSeB many of the propertics 

of electrons actillg in vacua, E:q,lor(ltlon of g.(';rmaUiU~ an;} other' ailllillill:' 
. ' . 

m~~tori.~ls will be made at temperatures down to that of liquid helium. *** 
Work 1a underway in studyin& the m:Lc,·owave surface impedance of conduotors 

. " 0·' 0 
suoh as copper) 8il VOl') tin and lead from .300 It to, K, !I,t frElquaneiea 

as high . all 2/.~OOO mc. - Ma~etio cooling teclmiquas lire being atudied 

in which Ii paramagnetic [mit such lil'l ferric ammonium alum 113 sealed oft in 

Ii gl\lsfl tub", with a low pressu.r.e of helium transfer gaB. The isotherll!al. 

heat of .mag.\1atlzation h conducted· int.o the liquid-helium bath by the . ' " , 

tranai'lIr ga.lI, but this gas is a}:lsorbed during demaplatization, lea,vinf[ the 

process. practically adiabatic. The £low of heat by thermal cont.aot of' the 

corners of the salt cryst.als with th<i' glasfi tuba immersed in the Hquid' 

. helium bath iB very sms.ll. TelJ1pet'aturemeusurements are accomplished t.hrough 

determination of t.he sUIJ""l'tlbility of the !lalt using mutuul ind\lctrulCes 

and a ballifJt:\.c "alVWlornetar. 'With a mUOletic field of )0,000 !iI'>USS, a 
r,$:M\iI",~~':'·'F"~·~,·"7"~:-;; ;;; .. ;~:;--~~. 
t'%z 't~,-\ti~,d'l'-...... ~ ii>l"'~"''''''~_~~, ',,", ,', 
te!~~_"'''''''''''4f"" ......... u. ... ", ..... J.~ 
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,tellper~ture of' .024° It has been obtained. *** Other work; underway in the 

low-t"Ellllp€lrature field includes studie il on the elastio Il,lid inelastic behnvior 

, of metals and x-ray structure of superconductors; in the lattar f,>roble.l1l, it 

, being thought that IImrill structural ChmlgeB may t<llte place in'suparcondllctora 

below their trausition temperatures. 

SECTl(lN All - COOnDINATION OF RESEARCH 
, , 

(l) :l:h6 Rese\\.toh ant! Deve1.\lli!lt@t Doardl The research activities 

described in ,the preced:l,ng 8e,otiol"1I3 are. for the most part cool'dine,too, 

with related activities of the other Services, through the oreanize.tioual 
I 

structure 01' the Reilearchand Development Board under the Chairmanship' ot 

Dr. 1t. '1'. Compton. ln the I1m.n;)' Committees, Panels and Sub-Panels" all 
, ' 

related work is continuously subjected ,to review in order to avoid duplica-

, _ t1'on,- filter out and termitmt<i mediocre 01: V;'tsteiful effort, plan :f'utm'e 

,programs fOl' maxilllUlll effectiveness wit,hin budget limitations ...... and more 

l'ecently, assign cognizar,ce in specific areas of activity to (.-sinele Service 

,with the obJective of, improving unif1cli'~ion and even further reducing the 

pOi\sibility of duplication in effort ruuong the three Sarvices. In bas:!.\) 

l'esearch. however, some of these tasks have beon difficult, for truly" 
. . . ~ 

fundamenttil aciel1tific endeavor app~ars to thrive bellt under c~mp~tit.iOI1, 

'and parBuel, (not identical) approaches to the flame p}'oblelli ill often 

moat beneficial ~d gives a greater assurance of ultimate suooess. A 

'nkeleton ohart of the Resenrch and Development Board is given in Figure J 

in which those elements of the organization in which the Signal Corps hal!! 

, membership a1'6 indicated. 

" 

" 
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I RESEARCH a DEVELOPMENT BOARD I 
~CRE!~~~TJ 

I 1 L I I L 
COMMITTEE ON COMMITTEE ON COMMITTEE ON BASIC COMMITTEE ON COMMITTEE ON COMMITTEE ON 
AERONAUTICS ..., ATOMIC ENERGY PHYSICAL SCIENCES' CHEMICAL WARFARE ELECTRONICS .JoI; EQUIPMENT a 

PANELS: 
"._ ... - MATERIALS .. PANELS: PANELS: 

PILOTED AIRCRAFT CHEMI$TRY.s:. ltACOUSTICS 8. "ELECTRONIC PANELS: 
AIRCRAFT ARMAMENT PHYSICS B MATHEMATICS 0- I'<ELECTRON COUNTER - "ELECTRICAL EQUI~ENT 
AIRCRAFT PROPULSION SYS- MECHAN!CS TUBES <V MEASURES ..... 

"PHOTOGRAPHY a OPTICS 
TEMS METALLURGY a. "RADIATING "!NFRAAEOa. 
FACILITIES JOINT PANEL ON METALLURGY SySTEMS..... -TEST EQUIP-
AIRCRAFT EQUIPMENT INTERCQMMtTTEE PANEL ON 

"COMMUNICATIONS MENTa.. 

AIRCRAFT MATERIAL METALLURGY ~INTERFERENCE "'TELEVISION 
REDUCTION .... WORKING 
~RADAAa.. GRQUPd. 

"COMPONENTS'" 

, 

I , I I I I I 
COMMITTEE ON FUELS COMMITTEE ON COMMITTEE ON 

* 
COMMITTEE ON COMMITTEE ON COMMITTEE ON 

a LUBRICANTS GEOGRAPHICAL GEOPHYSICS a GEOGRAPHY GUIDED MISSILES. HUMAN RESOURCES MEDICAL SCIENCES 
EXPLORATION .----- -- -- - '- . - _ .. _----

PANELS: PANELS: PANELS: PANELS: 
PANELS: "ATMOSPHERE GEOPHYSICAL AERODYNAMIC 8. STRUCTURES HUMAN RELAT IONS a MORALE AVIATION MEDICINE 

;j1 
EXPEDITIONS "GEOLOGY lNSTRUMEN- "COUNTERMEASURES d- MANPOWER MILITARY a FIELD MEDICINE 

~ TATION 
GEOGRAPHIC ENVIRONMENT HYDROLOGY It FACILITIES PERSONNEL Eli TRAINING SHIPBOARD a SUBMARINE 

PHYSIOLOGY OCEANOGRAPHY e~R~~~::~~- GUIDANCE a CONTROL- PSYCHOPHYSIOLOGY MEDICINE 

SEISMOLOGY, "DESERT a LAUNCHING a. HANDLING 
SOIL MECHANICS, TROPICAL EN- PROPULSION a. FUELS 
\IOLCANDLDGY VIRONMENT WARHEADS a FUSES 
CARTOGRAPHY TERREST1AL TEST RANGE PROCEDURES AND GEODESY MAGNETISM a a INSTRUMENTATION 01-

.i ELECTRICITY 
-, , , 

I 

~' I I I 1 l . 
COMMITTEE ON COMMITTEE ON AD HOC COMMITTEE SPECIAL COMMITTEE ON SPECIAL COMMITTEES ,. 

NAVIGATION * ORDNANCE ON SCIENTIFIC a TECHNICAL INFORMATION a PANELS • , - .-- SYNTHETIC WARFARE ._- ---_. ---.-- --_._,._-
f,ANELS: PANELS: -. - ._-
, ~ AIR NAVIGATION AMMUNITION a EXPLOSIVES PANELS: 

. ~ -LAND NAYIGATION ARMOR a VEHICLES SUSPANEL ON SYNTHETIC 
~~ 

r"MARINE NAVIGATION "FIRE CONTROL ACTIVATION OF MILITARY 
~~ GUNS COMMAND SYSTEMS'" . 

ORDNANCE MATERIALS SUSPANELS ON INTER- 'iin 
"PROXIMITY FUSES CONNECTION OF COMPUTERS" ~~ 

UNDERWATER ORDNANCE 
.~~.~ 
;:, : . .'.7~ 

;;..,'.::,! 
~:;;.:': 

1"'1 
:=-:-.- ,: ,---------------,---------------, 

"-CO-M-M-IT-T-E-E-O'-N-L-O-G'-'IS-T-IC-A-L-T-E-C-H-N-IQ-U-ES-;I I COMMITTEE ~N VESSELS I I SPECIAL COMMI;TEES a PANELS 
1: ;';';:1 

~~~j 
* -DENOTES SIGNAL CORPS MEMBERSHIP ON COMMITTEES AND PANELS. 

----- _ ........... ". ... ,,, "'OJ c:,":.~""'1'"1 c:. 
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(2) Joint Servics Contmot€li In oompliance with the, spirit of the 

• Unifioation Act, Ii numt1)l' of the lurge research contractB, in which mor0 

than one Service h"D dire'ct inter06t, huve been establll!hed on a Joint 

,Service bu(;l.s,' each Sei-vice contri bLlting funds and directly B.ssuml\1g the 

responsibility for the i,lhr,;raUoll of such effort int;o HI! own respeo~ive 

applioations. On ~uch contracts, Joint Service Advisory Committee Meetings 

are hel.d periNlict!lly with the contractors' 'sciontific personnel. ' Inter-

Service coordination on such contractual activities therefore follows auto-

mat1cally. Tabl",;3 ahows (lontracta of this type in whioh tb.e SignalCorpa 

haa direot interest. 

In compiling the materisl presented b,erGin~ it was obvioUs frolli the 

atul-t that at" degree of oompletenes'fl in' a field as broad a., the 1m t:!.re 

Signal Corps research program would be impossible within the space limita

tions, set for this presentation; Many cOlllplex proj Bets were pa,Bl>od with 
I ' 

,only a single sentence dOHcription whUa hundreds, ruid evan thousands, of 

words together with photographs end' graphs might be r'Hluired to effectively' 
, ' 

portray a single specialized activity. It is hoped, however, that ,m 

appreciation of the broad ,scope of the program will be of value to the 

roodeI'. and further, that the presentation may have additionsl value in 

'Gollle cases by suowing the exists,nee of particula.r research, with the realiza

tion that if a IIlUHary requirement for detaUed- information exists, the, 

reader may obte.1n such throngh established channels. **if As ll-_ closing word, 

the writer wishes to ext,end bill apologies for not havirig been able to 

individually recognhe the ItIany sclentiats I'Iho/l(l' combined effort this 

writing portrays ••• ;. civilian scientists in the employment of the Signal, 
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90rpa Englnellring Laboratorla~VU1d fnellloora of industrial or academic sta.ffa 

under contract •• ;... all I'fOrldng\ together in a combined effort for illlproving 

this Nation's atrongsat line of: defense •••••• sc1,antif:l.c ad.vancementt 

, 
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